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M/Series MELPS 740 single-chip microcomputers 


M50708-XXXSP/FP Ses ROM, 128-Byte RAM, | 5+10% 2 | 4 | eapaasrare 2—28 


M50740A-XXXSP/FP_ | 3K-Byte Mask-Prog. ROM, 96-Byte RAM 5+10% 52P4B/50P6 | 2—3 
/ | Qe 


M50740ASP External ROM type, 96-Byte RAM 510% 
M50741-XXXSP/FP 4K-Byte Mask-Prog. ROM, 96-Byte RAM 5+10% 


M50742-XXXSP/FP 4K-Byte Mask-Prog. ROM, 128-Byte RAM 
Serial I/O 


M50743-XXXSP/FP__| 4K-Byte Mask-Prog. ROM, 128-Byte RAM 5+10% | 30 | 1 | 8 | 64P4B/72P6 
M50744-XXXSP/FP | 4K-Byte Mask-Prog. ROM, 144-Byte RAM C,si | 5+10% | 15 64P4B/72P6 
M50745-XXXSP/FP 6K-Byte Mask-Prog. ROM, 192-Byte RAM C, Si 510% 15 2 4 64P4B/60P6 











M50746-XXXSP/FP 6K-Byte Mask-Prog. ROM, 144-Byte RAM C, Si 5+10% 1S 2 4 64P4B/72P6 
M50747-XXXSP/FP 8K-Byte Mask-Prog. ROM, 256-Byte RAM C, Si 5+10% | 30 ] 8 64P4B/72P6 2—134 
5 ‘ 12 
2 





M50747H-XXXSP/FP 8K-Byte Mask-Prog. ROM, 256-Byte RAM C, Si 55% 4 0.67; 1 64P4B/72P6 2—164 
4K-Byte Mask-Prog. ROM, 128-Byte RAM, ie 
Mot ise ARN Se. High voltage port, CR oscillation type nerae e178 
M50753-XXXSP/FP | K-Byte Mask-Prog. ROM, 96-Byte RAM, 4 |64P4B/60P6 | 2—199 
8-bit A-D converter 
3 6K-Byte Mask-Prog. ROM, 160-Byte RAM, : 64P4B/72P6/ oa 
M50754-XX XSP/FP/GP PWM, High voltage port, Serial 1/0 20 | 1.90 2—228 
: 3K-Byte Mask-Prog. ROM, 96-Byte RAM, ; +109 
M0 ToT kX KOR High voltage port, CR oscillation type 510% 15 4 
ene 3K-Byte Mask-Prog. ROM, 96-Byte RAM, ches Sst 
MOTE =AAK SE High voltage port, Ceramic oscillation type 5£10%.| 15 
0 
0 

















2 
oN oA 
: 4K-Byte Mask-Prog. ROM, 128-Byte RAM, : +100 
ieanatoane ae LCD controller/driver, Serial I/O ae Eee: 


2 
4K-Byte Mask-Prog. ROM, 512-Byte RAM, . ) A 
M50931-XXXFP LCD controller/driver, Serial /O. é 80P6 2—265 


1.86 | 4.3 
8K-Byte Mask-Prog. ROM, 512-Byte RAM, : = 
M50932-XXXFP LCD controller/driver, Serial |/O 5+10% 1.86 | 4.3 | 80P6 2—265 
i . 2 4. 








4K-Byte Mask-Prog. ROM, 128-Byte RAM, : 
64P4B/72P6 


M50940-XXXSP/FP 8-bit A-D converter, High voltage port, 
; Serial I/O 








8K-Byte Mask-Prog. ROM, 192-Byte RAM, 
M50941-XXXSP/FP 8-bit A-D converter, High voltage port, Si 64P4B/72P6 
Serial |/O' 


8K-Byte Mask-Prog. ROM, 192-Byte RAM, 
M50943-XXXSP/FP 8-bit A-D converter, Serial I/O 64P4B/60P6 
cas 
: 12K-Byte Mask-Prog. ROM, 192-Byte RAM, . 
MS0944-XXXSP/FR ee 8-bit A-D converter, Two serial |/Os : ‘ Cera oaree 
M50950-XXXSP 6K-Byte Mask-Prog. ROM, 144-Byte RAM, : 
High voltage port, Two serial |/Os 
= 4K-Byte Mask-Prog. ROM, 144-Byte RAM, 
Ms50951 XXXSP High voltage port, Two serial |/Os 
2 8K-Byte Mask-Prog. ROM, 192-Byte RAM, . 64P4B/72P6/ 
MSon A NSRIERGE PWM, High voltage port, Serial |/O : 2 64P6W 
: 10K-Byte Mask-Prog. ROM, 192-Byte RAM, ‘ 64P4B/72P6/ 
MSO955-XXXSP/FP/GP | Bw, High voltage port, Serial I/O 7 1.90) 4.2 | Gapew i 


10K-Byte Mask-Prog. ROM, 256-Byte RAivi, 
M50957-XXXSP/FP PWM, High voltage port, 4-bit comparator, i ‘ 4. 64P4B/72P6 
Serial |/O 


16K-Byte Mask-Prog. ROM, 256-Byte RAM, 
M50959-XXXSP/FP PWM, High voltage port, 4-bit comparator , Si ; : 64P4B/72P6 
Serial I/O : 


_ | 10K-Byte Mask-Prog. ROM, 160-Byte RAM, 
M50963-XXXSP/FP 8-bit A-D converter, 5-bit D-A converter PWM, i 64P4B/72P6 
Serial |/O 


6K-Byte Mask-Prog. ROM, 160-Byte RAM, : 
M50964-XXXSP/FP 8-bit A-D converter, 5-bit D-A converter PWM, i _ | 64P4B/72P6 
Serial |/O 


xx > Under development 
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M37410M3-XXXFP cigs 6K-Byte Mask-Prog. ROM, 192-Byte RAM, 


















































\ 
+10% 
Serial !/O, A-D converter, LCD controller/driver 510% 30 
M37410M4-XXXFP x] 8K-Byte Mask-Prog. ROM, 256-Byte RAM C,Si | 5+10% | 30 80P6S 2—503 
| 8K-Byte Mask-Prog. ROM, 512-Byte RAM, i : ore 
M37415M4-XXXFP ne LCD controller/driver, Serial 1/O, DTMF generator 4.5~5.5) 20 2.5 | 3.2 | BOPE 2—534 
4K-Byte Mask-Prog. ROM, 128-Byte RAM, 
M37450M2-XXXSP/FP | 8-bit A-D converter, 8-bit D-A converter, UART, i | 510% | 30 10 |64P4B/80P6 | 2—565 
DBB,’3-Timer, PWM | 
M37450M4-XXXSP/FP | 8K-Byte Mask-Prog. ROM, 256-Byte RAM c,si_ | 5+10% | 30 | 0.8 | 10 | 64P4B/s0P6 | 2—565 
M37450M8-XXXSP/FP | 16K-Byte Mask-Prog. ROM, 384-Byte RAM 5+10% | 30 | 0.8 | 10 | 64P4B/soP6 | 2—565 
M50734SP/FP exteMmah ROM ang TAN Pei camer sO“ OSD AG. sey 1 Se095-|\". 30 64P4B/72P6 | | 2—625 
converter, Serial 1/O 
External ROM and RAM type, 5-Timer, 8-bit A-D . +109 
M50734SP-10 eeicHar Seaeli/o mie C,Si | 5+10% | 35 : 
M37450S1SP/FP _*| External ROM type 128-Byte RAM C, Si | 5+10% | 30 | 0.8 | 10 | 64P4B/goP6 | 2—608 | 
: 0.8 


















M37450S2SP/FP External ROM type 256-Byte RAM Cc, si | 5+10% | 30 64P4B/80P6. | 2—608 
_[M37450S4SP/FP_ | External ROM type 384-Byte RAM 5+10% 64P4B/80P6 | 2—608 
* . New product *x > Under development | 
\ 
\ 
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M50744T-XXXSP 







































Circuit function and organization Structure Package 
; Re ebies eet: | 
(mW) 
4K-Byte Mask-Prog. ROM,144-Byte RAM 
*| Extended operating temperature version of C, Si 5+10% | 15 2 4 | 64P4B ; 3—3 
8K-Byte Mask-Prog. ROM,256-Byte RAM 
Extended operating temperature version of 5+10% | 30 | 1 64P4B 37 
6K-Byte Mask-Prog. ROM,96-Byte RAM 
M50753T-XXXSP *| Extended operating temperature version of C, Si 5+10% | 15 2 4 | 64P4B 3-11 
: M50753-XXXSP 
4K-Byte Mask-Prog. ROM,128-Byte RAM oa. 
M50930T-XX XFP *| Extended operating temperature version of — C, Si 5+10% | 20 |1.86| 4.3 | 80P6 3—18 
M50930-XXXFP 
M50740-PGYS Piggyback for M50740/M50741 | | c,si | 5+5% | — | 2 | 4 |52S1M 
M50742-PGYS Piggyback for M50742/M50708 64S1M 
7 = 4 
M50745-PGYS Piggyback for M50745 | c,si | 545% | — | 64S1M 4—18 
M50752-PGYS Piggyback for M50757/M50752 52S1M 4—23 
M50931-PGYS Piggyback for M50930/M50931 /M50932 80S6M 4—34 


MIExtended operating temperature version of microcomputers 
M50744-XXXSP 7 
M50747T-XXXSP * 
M50747-XXXSP 
MiPiggyback type microcomputers (EPROM mounted type) — 
M50743-PGYS Piggyback for M50743 | =13 
M50753-PGYS Piggyback for M50753 64S1M __ 4—28 








NO} PO 


ee 
52S1M 4—48 


/64sim | 4-66 
10 [sosem_ | 4-72 


M50950-PGYS Piggyback for M50950/M50951 


S 


i 


1. 


M50941-PGYS Piggyback for M50940/M50941_— 5+5% | — 


ee 
M50955-PGYS Piggyback for M50754/M50954/M50955 
M50964-PGYS Piggyback for M50964/M50963 : 
M37450PSS *| Piggyback for M37450M2/M4/M8-XXXSP 


M37450PFS *| Piggyback for M37450M2/M4/M8-XXXFP , Si 55% 


1. 
2 


hb 


[e?) 
oO 


4 
4 
5 

4.2 
xe 

10 








MBuilt-in EPROM type microcomputers 


One time programmable :version of M50746- F 459 
M50746E-XXXSP/FP XXXSP/EP C, Si 5+5% 


M50746ES/EFS EPROM version of M50746-XXXSP/FP 55% 


One time programmable version of M50747-. : +459 
M50747E-XXXSP/FP XXXSP/EP : Cc, Si 5+5% 30 


M50747ES/EFS EPROM version of M50747-XXXSP/FP Cc, Si 5+5% 3 












1 


—_—_ i —t — — 
ory; Ol | © oy} oOo };oO oy; o 
: 


64S1B/72S6 


1 64S1B/7286 





peanee 
mers 


5— 
—_ 
5 
5 





M50957ES *%| EPROM version of M50957-XXXSP 545% 
M50963E-XXXSP/FP ee programmable version of eee 5+5% 


M50963ES/EFS EPROM version of M50963-XXXSP/FP 5+5% 


One time programmable version of p+ 
M37410E6-XXXFP ** M37410M4-XXXFP C, Si 5+£5% 


One time programmable version of : ro: 
M37450E4-XXXSP/FP * M37450M4-XXXSP/EP C, Si 5+5% 


DO 
E 











Be 


64P4B/72P6 


64S1B/72P6 | 
10 | 64P4B/80P6 | 5—81 
6 





3 
3 





30 


2 || 









Ww 
Jo}; Oo 





M37450E4SS/FS_- —*| EPROM version of M37450M4-XXXSP/FP 3 4S1B/80S6 
* . New product *x* : Under development . ; . 
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EPROM version of M50944-XXXSP 4 
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-1 (Vv) |dissipat 
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M@iSeries MELPS 8-48 8-bit microcomputer 












M5L8048-XXXP__| 1K-Byte Mask-Prog. ROM, 64-Byte RAM N,Si,ED| 5+10% | 325 |-2.5 | 6 | 40P4 
M5L8035LP _ External ROM type, 64-Byte RAM __ N,Si,ED| 5+10% | 325 | 2.5 | 6 | 40P4 


MS5L8049-XXXP : EDI 5-+109 
M5L8049-XXXP-6 2K-Byte Mask-Prog. ROM, 128-Byte RAM N,Si,ED| 510% 500] 2.5] 6 | 40P4 | Note 2 


MS5L8039P-11 : 

: +109 
M5L8039P-6 External ROM type, 128-Byte RAM N,Si,ED| 510% rs00 } 257 6 | 40P4 Note 2 
M5L8049H1-XXXP_ | 2K-Byte Mask-Prog. ROM, 128-Byte RAM N,Si,ED! 510% 40P4 Note 2 


M5L8039HLP-14 | External ROM type, 128-Byte RAM N,Si,ED| 510% 40P4 


MSMB0C49A-XXXP | 2K-Byte Mask-Prog. ROM, 128-Byte RAM | C,Si | 52410% 40P4 














MS5M80C49H-XXXP 


_ | M5M80C39AP | | | 
MS5M80C39HP External ROM type, 128-Byte RAM C,Si 510% 40P4 
M5MC49A-XXXFP | . : 


M5M8050H-XXXP | 4K-Byte Mask-Prog. ROM, 256-Byte RAM | N,Si,ED| 510% | 350 [1.36] 11 | 40P4 | Note 2 | 

M5M8040HP External ROM type, 256-Byte RAM _ : N,Si,ED] 510% | 350 

M5M8050L-XXXP__| 4K-Byte Mask-Prog. ROM, 256-Byte RAM /N,Si,ED/5+10% | 250 | 2.5| 6 |40P4 —_—| Note2 | 
External ROM type, 256-Byte RAM 250 /25| 6 |40P4 Note 2 











MiSeries MELPS 8-41 8-bit microcomputer 
zi Universal peripheral interface ; +102 
MBL8041A-XXXP | 1K Bute Mask-Prog, ROM, 64-Byte RAM N,Si,ED| 52£10%,| 300 | 2.5 40P4 Note2 
| Universal peripheral interface | ; +100 , 
MSL8041AH-XXXP | 11 Bite Mask-Prog. ROM, 64-Byte RAM | 5+10% | 450 | 1.25] 12 | 40P4 | Note 2 
MSLe042-°XXP | nvetsal Petipheralinteriace N.Si,ED| 5-+10% 1.25 40P4 : 


' | 2K-Byte Mask-Prog. ROM, 128-Byte RAM 
— | 52P4B 
— | 52P4B 


a 

= 

= Taare 
rates 

es 

















MILSIs for pheripheral circuit 


| ms50790SP__ I/O Expander(CE = low active) GAL | 4414 | — | 
M50791SP I/O Expander(CE = low active) 4~11 | — | 
M5L8243P I/O Expander | | N,Si,ED|5+10% | — | 























M5M82C43P_ _| 1/O Expander 7 510% 
M5M82C43FP 1/O Expander C,Si 5+10% 


= [eapaw 








Note 1. Al=Aluminum gate. C=CMOS. ED=Enhancement depletion mode. N=N-channel. Si=Silicon gate 
Note 2. Refor to 1987 MITSUBISHI SEMICONDUCTORS SINGLE-CHIP 8-BIT MICROCOMPUTERS Vol. 2. 
Note 3. Refor to 1986 MITSUBISHI SEMICONDUCTORS SINGLE-CHIP 8-BIT MICROCOMPUTERS. 
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Development support systems 


Evaluati d 
Development support systems ti tered ae a Re easy | ~—~———s« Debugging machine sid machine valuation boar 
Option board or piggyback 


M50740A-XXXSP/FP 
PCA4040 M50740-PGYS 
SDT745 









M50740ASP 


M50742-XXXSP/FP 
M50708-XXXSP/FP 







M50741-XXXSP/FP 
Poa jmso7a2pcys PGYS 










[PCA4043, sd 
M50743-XXXSP/FP norma my jmsoraaeays PGYS 






MS0744-XXXSP/FP 
M50744T-XXXSP 
M50746-XXXSP/FP 
M50746E-XXXSP/FP 
M50746ES/EFS 


Jponsosscoe | p sors M50746E-XXXSP/FP 
(Note 1 ) 
PCA4044RG02 RTT745 | MS0746ES/EFS 


PCA4045 SDT745 M50745:PGYS 











M50745-XXXSP/FP 


PCA4045R RTT745 


PCA4047G02 
PCA4047XG02* SDT745 | M50747E-XXXSP/FP 


(Note 1 ) 
PCA4047RG02* 
cain outencar nes sa aa 


PCA4057 M50752-PGYS 


M50747-XXXSP/FP 
M50747H-XXXSP/FP 
M50747T-XXXSP 
M50747E-XXXSP/FP 
M50747ES/EFS 
M50752-XXXSP 
M50757-XXXSP 
M50758-XXXSP 
M50753-XXXSP/FP 
M50753T-XXXSP 
M50754-XXXSP/FP/GP 
M50954-XXXSP/FP/GP 
M50955-XXXSP/FP/GP 
M50957-XXXSP/FP 
M50957E-XXXSP 
















SDT745 [\150753-PGYS _ 


PCA4053 (Note 1) 






PCA4054G02 








PCA4054RG02 RTT745 Betese Gre 


PCA4054RG02 M50957E-XXXSP/FP 
(Reconstruct by order) | SDT745 




























16-bit 
ai 5 M50957ES ae ASM745 PCA4054RG02 M50957ES 
‘ M50959-XXXSP/FP RASM745 PC4000E |(Reconstruct by order) | RIT745 
Series 1 M50930-XXXFP- computer | SAMS745* 
MELPS 740 (MS-DOS) PCA4093 SDT745 
M50930T-XXXFP ee | aaesiave 
M50931-XXXFP 
| RTT745 Note 1 
M50932-XXXFP PEAS on ror ote 1 ) 


PCA4094 SDT745 
PCA4094R RTT745 Moe jMsoss1-ecys 


PCA4033 rpcaasasqo2* 
M50944E- -POAASS002 
tok 
PCA7044 Ms0944ES** 
PCA4095 Sona M50950-PGYS 
PCA4064* M150969E- XXXSP/FP 


M50963ES/EFS 
PCA4064R* RTT745 MS0964PGYS 


'M37410T- opT** M37410E6-XXXFP** 
nig ecu = 
. * 
an M37450PSS/FS 
M37450E4- XXXSP/FP 


M37450T-RTT* 


M50941-XXXSP/FP 
M50944-XXXSP/FP 
M50944E-XXXSP/FP 
M50950-XXXSP 
M50951-XXXSP 
M50964-XXXSP/FP 
M50963-XXXSP/FP 
M50963E-XXXSP/FP 
M50963ES/EFS 
M37410M3-XXXFP 
M37410M4-XXXFP _ 
M37410E6-XXXFP 
M37450M2-XXXSP/FP 
M37450M4-XXXSP/FP 
M37450M8-XXXSP/FP 
M37450S1SP/FP 
-| M37450S2SP/FP 
M37450S4SP/FP 
M37450E4-XXXSP/FP M37450TX-RTT* 
M37450E4SS/FS 
Sosa eet 

M50734SP-10 
* : Evaluation board +keNew product %*x*xUnder development 
(Note 1) Notes on the operation temperature range when used for extended operating temperature version. 

(Note 2) MS-DOS® is a registered trade-mark of Microsoft® Inc. 



































RTT745 M37450E4SS/FS 
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Program writing adapter for EPROM version 


microcomputers -.- for EPROM version 

~M50746ES , 

M50747E-XXXSP 
M50747ES 
M50963E-XXXSP 
M50963ES 
M50746E-XXXFP 
M50746EFS 


|_M50747E-XXXFP_ : ee 



















PCA4700G02 






















M37450E4-XXXSP 
M37450E4SS Silene 


M37450E4-XXXFP ; 
M37450E4FS POM 
M37410E6-XXXFP PCA4705* | 


* > New product 










CA4714* 


v 


CA4703 
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FUNCTION CODE 


Mitsubisi integrated circuits may be ordered using the following simplified alphanumeric type-codes which define the func- 


tion of the IC/LSIs and the package style. 


1. Mitsubishi Original Producs 


M 5 07 40-001 SP -2 


Example 1. 


01~09 


S0~S2 


K. 
p 
FP 
GP 
SP 
S 





M : Mitsubishi integrated prefix 


Temperature range 

5 : Standard industrial/commercial 
(0 to 70/75 or —20 to 85C) 

9 : High reliability 


Series designation using 1 or 2 alphanumeric chracters. 
- CMOS 

- Linear circuit 

> TTL 

. Linear circuit | 

> TTL 

: TTL (the others) 

- P-channel aluminum-gate MOS 

> CMOS ) 

: P-channel silicon-gate MOS 

: P-channel aluminum-gate MOS 

- N-channel silicon-gate MOS 

- P-channel aluminum-gate ED-MOS . 
- CMOS 

> DTL 

: Schottky TTL 


Circuit function identification code using 2 digits. 
A character next to 2-digit alphanumeric characters, “T”, is represented 
using for automobile/industrial 


Mask ROM number. 


— Package style 

- Glass-sealed ceramic flat package 
: Molded plastic | 
: Molded plastic flat package 

: Molded plastic flat package 

: Molded plastic shrink package 

- Metal-sealed ceramic 


——Electrical characteristic identification code using 1 or 2 digits. 
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Example2, M 3 74 50 E 4 - 001 SP 





M : Mitsubishi integrated prefix 

3. Represent an original single-chip microcomputer 
Series aesiancion using 2 alphanumeric chracters 
Circuit function identification code using 2 digits 


Memory identification code using a digit 
> EPROM | 

- Mask ROM 

: Mask ROM-++EEPROM 

: Piggyback 

- External ROM 


nouvze2Mm 


Memory size identification code using a digit 


Normally, using hyphen. 

When electrical characteristic, or division of quality identification 
code using alphanumeric character. 

T °: For automobile/industrial 


Mask ROM number 


Package style 
J - PLCC, or SOJ package , 
K  : Glass-sealed ceramic flat package 
P  : Molded plastic DIP 

' FP : Molded plastic flat package 

FS ‘Ceramic flat package 

GP _ : Molded plastic flat package 

SP : Molded plastic shrink package 

S — : Ceramic (layered type) package 

SS _ °: Ceramic shrink package 
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2. PACKAGE CODE 


Package style may be specified by using the following simplified alphanumeric code. 


Example : 42 P 4 B 


Number of pins 


Package structure 

K : Glass-sealed ceramic 
P : Molded plastic 

S : Metal-sealed ceramic 


Package outline 


1 <= DIP 
2 :SOP 
4 :DIP 
6 :QFP 


Secondary outline code 
Special-purpose secondary codes describing outline are included as necessary. For 
details, contact your sales representative. . 
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TYPE 24P2W 24-PIN MOLDED PLASTIC SOP | Dimension in mm 


oS 
+l 
¥9) 
60 
= 


MOLDED PLASTIC : | - Dimension in mm 





~ -15.24+0.3 
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PACKAGE OUTLINES 


TYPE 40P4 40-PIN MOLDED PLASTIC DIP Dimension in mm 








TYPE 42P6 42-PIN MOLDED PLASTIC QFP Dimension in mm 
@ | @ - 
CUA A AA 2 
8 CTT ian oe ee 
BOTS 2 OS =e 8 be 
ENS © ome any 0 eS = 
Se nD SSR 
ae =a 
Tr ns im 
() Ea tL) | 
Y | 


1.5+0.2 
™ WwW 
| | aa ee 
OOo 
: eee, 
9.2+0.2 bole 
: © 
| 14.4+0.3 | 





Po 
ro) 
+1 
9) 
ee) 
—) 


14.8+0.3 


MITSUBISHI — fi 
ELECTRIC | 


TYPE 50P6 50-PIN MOLDED PLASTIC FLAT 


1-14, 


12.4+0.2 
18+0.3 


fame 


0.85+0.1 
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‘Dimension in mm 
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13 ¢.0.15° . 


TYPE 52S1M 52-PIN PIGGYBACK DIP 


x< 
< 
= 
oo) 
™ 
7 
= 
o 
os 
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Dimension in mm 


Dimension in mm 


13.20.3 


t= 15 
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TYPE 64P4B 64-PIN MOLDED PLASTIC DIP(LEAD PITCH 1.778mm) 


Dimension in mm 


19.05+0.3 - 


17.0+0.15 


Dimension in mm 





+0. 05 
9.15 —0.02 








-16. 80. 3 
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TYPE 64P6W 64-PIN MOLDED PLASTIC 


(TT) @ 





| 3 25.2+0.3 ae i 


TYPE 64S1B 64-PIN CERAMIC DIP 


98. SMAX 


ls77820.15 


"fL.0.46+0.08 
(1.02) 


QFP 


rrr &) 
w 


| 3 +0. 1 
1.0Nom | —0. 05 


32, Lo 
Ra a . 
[Try CO 
2 3 at ees 
Pe fe) 
[Cy TT) 
bp ) 
—~— - —3 


oe 


2.54MI1N 
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Dimension in mm 


14.040. 15 


19.240. 3 





Dimension in mm 


| 19.05 0 


3 ra | | 
+145 


i Noa BY, 
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TYPE 64S1M 64-PIN PIGGYBACK DIP Dimension in mm 


-., 58.0406 





15.24+0.3 


19.05+0.3 


Dimension in mm 





\Oop000g00! NODODODNDD DD | | on 
1+0.2 -. 1.5+0.2 esl, see | 
| 23.640.3 | S “|. 13.2+40.2 1.5+0.2 


18.8+0.3 
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PACKAGE OUTLINES 


TYPE 72S6 72-PIN MOLDED CERAMIC QFP 


Dimension in mm 


23.6402 





18, 00. 2 


16. 760. 2 


fe, SY | 
- oT 
| Ren 


0.80. 2 








12. 70. 2 
13..220..2 
18. 80. 2 


') 





N 
S 
+ 
Z| 
ro) 
N 


Dimension in mm 


350.1 0.8+0.15 





19,2+0.3 _ 
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TYPE 8O0P6S 80-PIN MOLDED PLASTIC QFP | | | Dimension in mm 
140. 2 














' 3.05 MAX 





-=——p—-s—e — B—8— 8-8-8 kOe e288 aes 





AG] 018 | 


16. 840. 3 


TYPE 80S6 80-PIN MOLDED CERAMIC QFP Sean 


20.2002 














14. 00-0. 2 
19. 20. 2 


| | 0.80-+0.2 0. 38TYP | - | 


| S | Ss |. 





+0. 05 
O27 a 
3. 0440.5 | 
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TYPE 80S6M_ 80-PIN PIGGYBACK QFP Dimension in mm 


18. 4 


ci Ua 


x) 


~ 0.8 


== 
= 
I 
Laon] 
Cd 
Ld 
Lestenasledl 
a= 
== 
Ld 
=a 
Ld 
ical 
Gers 
eee 
tot 
j 


Index on the package es 


Index on the socket “ 
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INTRODUCTION 


A system of letter symbols to be used.to represent the 
- dynamic parameters of intergrated circuit memories and 


other sequential circuits especially for single-chip micro- | 


computers, microprocessors and LSls for peripheral 
circuits has been discussed internationally in. the TC47 
of the International Electrotechnical Committee (IEC). 
Finally the IEC has decided on the meeting of TC47 in 
February 1980 that this system of letter symbols will be 
a Central Office document and circulated to all countries 
to vote which means this system of letter symbols will 
be a international standard. 

The system is applied in this LSI data book for the 
new products only. Future editions of this data book 
will be applied this system. The IEC document which 
describes “Letter symbols for dynamic parameters of 
sequential integrated circuits, including memories” is 
introduced below. In this data book, the dynamic para- 


meters in the IEC document are applied to timing 


requirements and switching characteristics. 


2. LETTER SYMBOLS: 


The system of letter symbols outlined in this document 
enables symbols to be generated for the dynamic para- 
meters of complex sequential circuits, including memo- 
ries, and also allows these symbols to be abbreviated to 
simple mnemonic symbols when no ambiguity is likely 
to arise. | 


2.1. General Form 


The dynamic parameters are represented by the general 
symbol of the form:- 


EAIBESDC)E: ncaa ea (1) 
where : : 
Subscript A indicates the type of dynamic parameter 
being represented, for example; cycle 
time, setup time, enable time, etc. 
Subscript B_ indicates the name of the signal or terminal 
for which a change of state or level (or 
establishment of a state or level) con- 
stitutes a signal event assumed to occur 
first, that is, at the beginning of the time 
interval. If this event actually occurs last, 
that is, at the end of the time interval, 
the value of the time interval is negative. 
Subscript C indicates the direction of the transition 
| and/or the final state or level of the signal 
represented by B. When two letters are 
used, the initial state or level is also indi- 
cated. 





, Subscript D indicates the name of the signal or terminal © 


for which a change of state or level (or 
establishment of a state or level) consti- 
tutes a signal event assumed to occur last, 
that is, at the end of the time interval. If 
this event actually occurs first, that is, at 
the beginning of the time: interval, the 
value of the time interval is negative. 

Subscript E indicates the direction of the transition 

and/or the final state or level of the signal 

represented by D. When two letters are 
used, the initial state or level is also indi- 
cated. 

Subscript F indicates additional information such as 
mode of operation, test conditions, etc. 


Note 1: Subscripts A to F may each consists of one or more letters. 


2: Subscripts D and E are not used for transition times. 

3: The “—"" in the symbol (1) above is used to indicate to’; hence the sym- 
bol represents the time interval from signal event B occuring to signal 
event D occuring, and it is important to note that this convention is used 
for all dynamic parameters including hold times. Where no misunder- 
stariding can occur the hyphen may be omitted. 


2.2. Abbreviated Form 


The general symbol given above may be abbreviated 
when no misunderstanding is likely to arise. For example 
to: | | 


ta(B—p) 
or ta(e) 
or ta(p) — often used for hold times 
or tar — no brackets are used in this case 
or ta 


or tpc—pe — often used for unclassified time 
intervals 


2.3. Allocation of Subscripts 


In allocating letter symbols for the subscripts, the most 
commonly used subscripts are given single letters where 
practicable and those less:;commonly used are designated 


by up to three letters. As far as possible, some form of 


mnemonic representation is used. Longer letter symbols 


may be used for specialised signals or terminals if this 


aids understanding. 


3. SUBSCRIPT A 


(For Type of Dynamic Parameter 


The subscript A represents the type of dynamic para- 
meter to be designated by the symbol! and, for memo- 
ries, the parameters may be divided into two classes : 
a) those that are timing requirements for the memory 
and | 
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b) those that are characteristics of the memory. 
The letter symbols so far proposed for memory circuits 
are listed in sub-clauses 3.1 and 3.2 below. 

All subscripts A should be in lower-case. 


3.1. Timing Requirements 


The letter symbols for the timing requirements of semi- 
conductor memories are as follows: 


Term Subscript 


Cycle time Cc 
Time interval between two signal events d 
Fall time f 
Hold time h 
Precharging time pc 
Rise time r 
Recovery time rec 
-Retresh time interval rf 
Setup time su 
Transition time t 
Pulse duration (width) Ww 


3.2. Characteristics 


The letter symbols for the dynamic characteristics of 
semiconductor memories are as follows: | 


- Characteristic Subscript 
Access time a 
Disable time | dis 
Enable time en 
Propagation time P 
Recovery time rec 
Transition time T 
Valid time Vv 


Note: Recovery time for use as a characteristic is limited to sense recovery time. 


4. SUBSCRIPTS B AND D 
(For Signal Name or Terminal Name) 


The letter symbols for the signal name or the name of 
the terminal are as given below. 





Erasure | | | ER 
Output enable G 
Program : . PR 
Data output 6] 
Read : _ R 
Row address RA 
Row address strobe : RAS. 
Refresh . RF 
Read/Write -* — RW 
Chip select .  § 
Write (write enable) W 


Note 1: In the letter symbols for time intervals, bars over the subscripts, for ex- 


ample CAS, should not be used. 

2: It should be noted, when further letter symbols are chosen, that the sub- 
script should not end with H, K, V, X, or Z. (See clause 5) 

3: If the same terminal, or signal, can be used for two functions (for example 
Data input/output, Read/Write) the waveform should be labelled with the 
dual function, if appropriate, but the symbols for the dynamic parameters 
should include only that part of the subscript relevant to the parameter. 


5. SUBSCRIPTS C AND E 


(For Transition of Signal) 


_ The following symbols are used to represent the level or 
state of a signal : 


Transition of signal Subscript 
High logic level | H 
Low logic level — | L 
Valid steady-state level (either low or high) - V 
Unknown, changing, or ‘don’t care’ level X 
High-impedance state of three-state output | Z 


‘The direction of transition is expressed by two letters, 


the direction being from the state represented by the 
first letter to that represented by the second letter, with 
the letters being as given above. 
When no misunderstanding can occur, the first letter 
may be omitted to give an abbreviated symbol for sub- 
scripts C and E as indicated below. | 
All subscripts C and E should be in upper-case. 
| Subscript 
Examples Full Abbreviated 


Transition from high level to 





All subscripts B and D should be in upper-case. low level HL L 
a Transition from low level to 
Signal or terminal Subscript high level LH H 
| Transition from unknown or = 
Address | A changing state to valid state XV V 
Clock Es C Transition from valid state to: 
Column address CA unknown or changing state - * VX X 
Column address strobe - : CAS Transition from high-impedance 
Data input | D- state to valid state - ZV V 
Data input/output . Do Note: Since SHBSCHIDES c and E may be abbreviated, and ene subscripts B and D 
may contain an indeterminate number of Jetters, it is necessary to put the 
Chip enable E restriction on the subscripts B and D that they should not end with H, L, 
V,X, or Z, S80 as to avoid possible confusion. 
‘MITSUBISHI 
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6. SUBSCRIPT F (For Additional Information) 


If necessary, subscript F is used to represent any addi- 
tional qualification of the parameter such as mode of 
operation, test conditions, etc. The letter symbols for 
subscript F are given below. 

Subscript F should be in upper-case. 





Modes of operation Subscript 

Power-down PD 
Page-mode read | PGR 
Page-mode write PGW 
Read OR 
Refresh | | | RF 

_ Read-modify-write : RMW 
Read-write RW 
Write W 
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FOR DIGITAL INTEGRATED CIRCUITS 


New symbol |Fortner symbol 


C, 

Co 
Cio 
Cig) 
f 


ig) 

| 

lBB 
1BB(AV) 
loc 
ICC(AV) 





1CC(PD) 
eye) 
IDD(AV) 
IGG 
lag(av) 
1 


1H 





Hit 
lLoaD 
lPEAK 
10H 
lou 
loz 


'ozZH 
eyae 


los 





Iss 
Pd 


New 


tac(a) ta(ap) 


tae) ; ta(ce) 


ta(cs) 


tc(RbD) 
lc (REF) 


tc( PG) 














Parameter—definition 





Input capacitance 

Output capacitance 

Input/output terminal capacitance 

Input capacitance of clock input 

Frequency 

Clock frequency 

Current—the current into an integrated circuit terminal is defined as a positive value and the current out of a terminal is defined as a negative value 

Supply current from Veg 

Average supply current from Vag 

Supply current from Vcc 

Avarage supply current from Vcc 

Power-down supply current from Vcc 

Supply current from Vpop 

Average supply current from Vop 

Supply current from VgcG 

Average supply current from VGcG 

Input current 

High-level input current—the value of the input current when Voy is applied to the input considered 

Low-level input current—the value of the input current when Vogt is applied to the input considered 

Built-in resistor Current 

Peak current 

High-level output current—the value of the output current when Vou is applied to the output considered 

Low-level output current—the value of the output current when VoL |S applied to the output considered 

Off-state (high-impedance state) output current—the current into an output having a three-state capability with input condition so applied that 
it will establish according to the product specification, the off (high-impedance) state at the output 

Off-state (high-impedance state) output current, with high-level voltage snatied to the output 

Off-state (high-impedance state) output current, with low-level. voltage applied to the output 

Short-circuit output Current 

Supply current from Vos j 

Power dissipation | 

Number of erase/write cycles 

Number of read access unrefreshed 

Input resistance 

External load resistance 

Off-state output resistance 

On-state output resistance 

Access time—the time interval between the application of a specified input pulse during a read cycle and the availability of valid data signal at an output 

Address access time—the time interval between the application of an address input pulse and the availability of valid data signals at an output 

Column address strobe access time ‘ 

Chip enable access time 


Output enable access time 


Data access time after program 


Row address strobe access time 
Chip select access time 


Cycle time 


Read cycle time—the time interval between the start of a read cylce and the start of the next cycle 


Refresh cycle time—the time interval between successive signals that are intended to restore the level in a dynamic memory cell to its original level 


Page-mode cycle time 
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tcRMW 


tcw 

tq- 

td(¢) 

td (CAS-RAS) 


td (Gas-w) 





td (RAS-CAS) 
td(RAS-W) 
tdis(R-0) 
tdis(s) 
tdis(w) 
TDHL 
T tou 
ten(a-Q) 
ten(R-a) 
ten(s-Q) 
tf 
th 
th(a) 
th (a-E) 
th(A-PR) 
th(cAas-CA) 
th(Cas-D) 
th(cas-Q) 
th (cAS-RAS) 
th(cas-w) 
thc) 
th (D-PR) 
the) 
th(eE-p) 
th(e-c) 
th(R) 
thc ras-cA) 


Th(RAS-CAS) 


th (RAS-D) 
th(RAS-w) 
th(s) 
thcw) 
th(w-cas) 
th(w-pD) 
th(w-RAS) 


tPyL 





1-26 


to( RMR) 


tc( wr) 


td(CAS WR) 


td (RAS-WR) 
Udis(R-DA) 
texz(cs) 


tpxz( wR) 


tpZv(A-DQ) 
tPzv(R-0Q) 


tpzx(cs-D9) 


th(ab) 
th(ap-CE) 


th (AD-PRO) 


th(cas-DA) 


th(cas-ouT) 


th(cas-wr) 
th¢pa) 


th(DA-PRO) 


th(ce) 
th(cE-pa) 
th (CE-0E) 
thc Rb) 


th(RAS-DA) 
th(RAS-wA) 
th(cs) 
thc wr) 
Th(wR-Cas) 


| thcwr-pa) 
th(WR-RAS)| | 


twr 


tR(PD) 


Tsu(ab) 


- Low-level to high-level propagation time 


Read-modify-write cycle time—the time interval between the start of a cycle in which the memory is read and new data is entered, and the start of 
the next cycle 

Write cycle time—the time interval between the start of a write cycle and the start of the next cycle 

Delay time—the time between the specified reference points on two pulses 

Delay time between clock pulses—e.g., symbology, delay time, clock 1 to clock 2 or clock 2 to clock 1 

Delay time, column address. strobe to row address strobe | 

Delay time, column address strobe to write 

Delay time, row address strobe to’ column address strobe 

Delay time, row address strobe to write 

Output disable time after read 

Output disable time after chip select 

Output disable time after write 


High-level to low-level delay time the time interval between specified reference points on the’ input and on the output pulses, when the output is 


Low-level to high-level delay time going to the low (high) level and when the device is driven with a specified loading networks. 


Output enable time after address 


Output enable (metas read 

Output enable time after chip select 

Fall time 

Hold time—the interval of time during which a signal at a specified input terminal appears after an active transition occurs at another specified input terminal 
Address hold time 

Chip enable hold time after address 

Program hold time after addease 

Column address hold time after column address strobe 

Data-in hold time after column address strobe 

Data-out hold time after column address strobe 

Row address strobe hold time after column address strobe 

Write hold time after column address strobe 
Data-in hold time 

Program hold time after data-in 

Chip enable hold tise 

Data-in hold teks after chip enable 

Output enable hold time after chip enable 
Read hold time 

Colunan address hold time after row address strobe 
Column address strobe hold time after row address strobe 
Data-in hold time after row address strobe 

Write hold time after row address strobe 


Chip select hold time 


" Write hold time 


Column address strobe hold time after write 

Data-in hold time after write 

Row address hold time after write 

the time interval between specified reference points on the input and on the output pulses when the 


Output is going to the low (high) level and when the device is driven and loaded by typical devices 
of stated type , 


High-level to low-level propagation time 


Rise time 

Write recovery time—the time interval between the termination of a write pulse and the initiation of a new Seas 

Powerdaun recovery time 

Setup time—the time interval between the application of a signal which is maintained at a speciifed input terminal and a consecutive active 
. tarnsition at another Seacitiad input terminal 


Address setup time 


MITSUBISHI 
ELECTRIC 





New symbol |Former symbol 


tsu(a-E) 
Tsu (a-w) 
tsu (CA-RAS) 
Tsu(p) 
tsu(p-€) 
tsu(D-w) 
Usu(e) 
tsu(e-P) 
Usu(G-E) 
tsu(Pp-E) 
tsu(ppD) 
Tsu(R) 
Tsu (R-CAS) 
Usu (RA-cas) 
tsu(s) 
tsu(s-w) 
tsucw) 
TTHL 
tTLH 

tv (a) 

tv (e) 

lv (E)PR 
tv(G) 

tv (PR) 
tv(s) 
tw 
tw(e) 

tw (EH) 
tW(EL) | 
tw (PR) 
twor) 
twos) 
twow) 


lwo) 
Ta 


Topr 
Tstg 
VBB 
Voc 


Vop 





tsu(AD-CE) 


tsu(aD-wr) 


Tsu(pa) 


tsu(DA-CE) 


Tsu(pa-wr'| 


Usu(cE) 
Usu(CE-P) 
lsu (OE-CE) 


tsu(P-CE) 


Tsu (RD) 


Tsu (RA-CAS) 


tsu(cs) 
tsu(cs-wrR) 


tsu(wr) 


tdv (AD) 
tdv (cE) 
Iv (CE)PR 
tv (OE) 


ty cs) 


tw(Ce) 
tw(CEH). 


tW(EL) 


tw(RD) 
twcs) 


twcwr”) 
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Parameter—definition 





Chip enable setup time before address 

Write setup time before address 

Row address strobe setup time before column address 
Data-in setup time 

Chip enable setup time before data-in 

Write setup time before data-in 

Chip enable setup time 

Precharge setup time before chip enable 

Chip enable setup time before output enable 

Chip enable setup time before precharge 

Power-down setup time 

Read setup time 

Column address strobe setup time before read 
Column address strobe setup time before row address 
Chip select setup time 

Write setup time before chip select 

Write setup time 


High-level to low-level transition time the time interval between specified reference points on the edge of the output pulse when the output is 


going to the low (high) level and when a specified input signal is applied through a specified network and 


Low-level- to high-level transition time the output is loaded by another specified network 


Data valid time after address 

Data valid time after chip enable 
Data valid time after chip enable in program mode 
Data valid time after output enable 
Data valid time after program | 
Data valid time after chip select 
Pulse width (pulse duration) the time interval between specified reference points on the leading and training edges of the waveforms 
Chip enable pulse width 

Chip enable high pulse width 

Chip enable low pulse width 
Program pulse width 

Read pulse width 

Chip select pulse width 

Wrtie pulse width 

Clock pulse width 

Ambient temperature 

Operating temperature 

Storage temperature 

Vee supply voltage 

Vec supply voltage 

Vop supply voltage 

Vo6eG supply voltage 


Input voltage 


‘High-level input voltage—the value of the permitted high-state voltage at the input 


Low-level input voltage—the value of the permitted low-state voltage at the input 


Output voltage 


High-level output voltage—the value of the guaranteed high-state voltage range at the output 


Low-level output voltage—the value of the guaranteed low-state voltage range at the output 


Vss supply voltage 





Note 1. These letter symbols are based on the IEC publication 148 except.a part of them. 
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1 INTRODUCTION 

IC & LSI have made rapid technical progress in electrical 
performances of high integration, high speed, and sophisti- 
cated functionality. And now they have got boundless wider 


applications 
pliances. 
To meet the above trend of expanding utilization of IC & 


in electronic systems and electrical ap- 


LSI, Mitsubishi considers that it is extremely important to - 


supply stable quality and high reliable products to cus- 
tomers. 7 _ 

Mitsubishi Electric places great emphasis on quality as a 
basic policy “Quality First”, and has striven always to im- 
prove quality and reliability. 
Mitsubishi has already developed the Quality Assurance 
System covering design, manufacturing, inventory and de- 
livery for IC & LSI, and. has supplied highly reliable pro- 
ducts to customers for many years. The following articles 
describe the Quality Assurance System and, examples of 


reliability control for Mitsubishi Single-chip 8-bit Micro-— 


computer. 


2. QUALITY ASSURANCE SYSTEM — 

The Quality Assurance System places emphasis on built-in 
reliability in designing and built-in quality in manufacturing. 
The System from development to delivery is summarized in 
Fig. 1. 


2.1 Quality Assurance in Designing 

The following steps are applied in the designing stage for a 

new product. | 

(1) Setting of perfomance, quality and reliability target for 

new product. | 

(2) Discussion of performance and quality for circuit de- 
sign, device structure, process, material and package. 

(3) Verification of design by CAD system to meet standar- 
dized design rule. 

(4) Functional evaluation for bread-board device to confirm 
electrical performance. 


(5) Reliability evaluation for TEG (Test Element Group) 
chip to detect basic failure mode and investigate fai- 


lure mechanism. 
(6) Reliability test (In-house qualification) for new product 
to confirm quality and reliability target. | 
(7). Decision of pre-production from the standpoint of per- 
formance, reliability, production flow/conditions, pro- 
duction capability, delivery and etc. 


2.2 Quality Assurance in Manufacturing 
Quality assurance in manufacturing is performed as follows. 
(1) Environment control such as temperature, humidity and 
| dust as well as deionized water and utility gases. 
(2) Maintenance and calibration contro! for automatized 
“manufacturing equipments, automatic testing equip- 
‘ments, and measuring instruments. 


fe: jenereemperatite Ta=150°C, 1000hours 
storage life 
| 


A) Material control such as silicon wafer, lead frame, 


packaging material, mask and chemicals. 

(4) In-process inspections in wafer-fabrication, assembly 

| and testing. . 

(5) 100% final inspection of electrical characteristics, 
visual inspection and burn-in, if necessary. 

(6) Quality assurance test | 

| -Electrical characteristics and visual inspection, lot by 

lot sampling 

-Environment and endurance test, periodical sampling. 

(7) Inventory and shipping control, such as storage en- 
vironment, date code identification, handling and ESD 
(Electro Static Discharge) preventive procedure. | 


2.3 ‘Reliability Test 


To verify the reliability of a product as described in the Mit- 


_ subishi Quality Assurance System, reliability tests are per- 


formed at three different stages in new product develop- 
ment, pre-production and mass-production. 

At the development of a new product the reliability test 
plan is fixed corresponding to the quality and reliability 
target of each product, respectively. The test plan includes 
in-house qualification test and TEG evaluation, if necessary. 
TEG chips are designed and prepared for new device 
structure, new process and new material. 

After the proto-type product has passed the in-house qual- 
ification test, the product advances to the pre-production. In 
the pre-production stage, the specific reliability tests are 
programmed and performed again to verify the quality of 
pre-production product. 

In the mass production, the reliability tests are performed - 
periodically to confirm the quality of the mass production 
product according to the quality assurance test program. 
Table 1 shows an example ‘of reliability test program for 
plastic encapsulated IC & LSI. 


TYPICAL RELIABILITY TEST PROGRAM 
FOR PLASTIC ENCAPSULATED IC & LSI 


Solderability 230°C ,, 5sec. Rosin flux 


Table 1 















2 
) 
| 
4 








20G, 100~2000Hz 
X, Y, Z direction 
4min./cycle, 4cycles/direction 







Vibration 


Ta=125°C, Vecmax 


20000G, Y direction, 1 min. 





121°C, 100%, 100hours 


High temperature and | sec, 8596, 1000hours 
high humidity 
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DESIGN/ 
STAGE MARKET SALES PRODUCTION MANUFACTURING SSC IHANGE CONTROL. 


ENGINEERING 





MARKET SURVEY 
C STRATEGIC PRODUCT PLAN 





ened XTERIAL 
RIAL PROBUCTION/ QUALIFICATION 
CHARACTERIZATION 


— QUALIFICATION (1) 
iano aeeeeninen Konmmmemenennennnntl 
fa 


DECISION OF PRE-PRODUCTION — 


PREPARATION 
OF SPECS./ 
INSTRUCTION 


PRE-PRODUCTION 


DESIGN/DEVELOPMENT 















QUALIFICATION (2) 


DECISION OF MASS PRODUCTION 


ORDER 4 










MATERIAL 
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2.4 Returned Product Control 

When failure analysis is requested by a customer, the 
failed devices are returned to Mitsubishi Electric via the 
sales office of Mitsubishi using the form of “Analysis Re- 
quest of Returned Product” 

Mitsubishi provides various failure analysis equipments to 
analyze the returned product. A failure analysis report is 


RETURNED PRODUCT 
ISSUE ANALYSIS REQUEST 
FOR RETURNED PRODUCT 


~ FAILURE ANALYSIS 


5 


ELECTRICAL 
CHARACTERISTICS TEST 


CLASSIFICATION OF. 
FAILURE MODES 













REJECTION 


SIMULATION TEST 


ELECTRICAL 


CHIP ANALYSIS 
'  ICHARACTERISTICS TEST 


[ACCEPTANCE 


REJECTION: 





REPORT 
GENERATION 





CORRECTIVE ACTION 


‘CONFIRMATION 
OF QUALITY 


REPORT TO 
CUSTOMER’ 


VISUAL INSPECTION _ 


ACCEPTANCE 


INTERNAL VISUAL 
INSPECTION 


INVESTIGATION OF CAUSE. 


PRELIMINARY 


FIXED CORRECTIVE ACTION 
PREVENTIVE MEASURES. 


generated to the customer upon completion of the analysis. 
The failure analysis result enforces taking corrective action 
for the design, fabrication, assembly or testing of the pro- 


duct to improve reliability and realize lower failure rate. 


Fig. 2 shows the procedure of returned product control from 
customer. 


a 
CONFIRMATION OF 
FAILURE CAUSE _sy 


SURVEY OF 
PROCESS RECORD 






NO/GO 


Fig.2 PROCEDURE OF RETURNED PRODUCT CONTROL 
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3 RELIABILITY TEST RESULTS 


for. representative types of. Single-chip 8-bit Microcompu- 


The reliability test results for Mitsubishi Single-chip 8-bit . ters, MELPS 740, MELPS 8-48, MELPS 8-41, and Peripher- 


Microcomputers are shown in Table 2, Table 3 and Table 4. al LSls. a 3 
Table 2 shows the result of endurance tests of high tempar- From Table 2, the combined failure rate of Mitsubishi Sing- 
ature operation life and high temperature storage life test le-chip 8-bit Microcomputers is calculated 0.16% /1000hours 


at 125°C ambient temperature operation. 


Table 2 ENDURANCE TEST RESULTS 





High Temperature MELPS 740 M50740A-XXXSP 
M50743-XXXSP 
M50744-XXXSP 
M50745-XXXFP 
M50747-XXXSP 
M50753-X XX FP 
M50754-XXXSP 
M50757-XXXSP 
M50931-XXXFP 
M50943-XXXFP 

| M50950-XXXSP 
M50734SP 
M37450M2-XXXSP 
M37450S4SP 
M50747ES 
M50747E-XXXSP 
M5L8049-XXXP 
M5L8050H-XXXP 
M5M80C49-XXXP 





Operation Life 







































MELPS 8-48 






M50740A-XXXSP 
M50744-XXXSP 
M50747-XXXSP 
M50753-XXXFP 
M50754-XXXSP 
M50931-XXXFP 
M50943-XXXFP 
M50734SP 
M37450M2-XXXSP 
M37450S4SP 


High Temperature MELPS 740 


Storage Life 











M5L8049-XXXP 
MS5L8050H-XXXP 
MS5M80C49-XXXP 


MELPS 8-48 









M5L8243P 
MS5M82C43P 

M50740A-XXXSP 
M50744-XXXSP 
M50747-XXXSP 


Peripheral 












Low Temperature MELPS 740 


Storage Life 






M50753-XXXSP 
M50757-XXXSP 
M50950-XXXSP 
M50734SP 
M37450S4SP 
M50747E-XXXSP 
M5L8049-XXXP 
M5M80C49-XXXP | 


MELPS 8-41 M5L8042-XXXP 





MELPS 8-48 






MELPS 8-41 M5L8041A-XXXP 
pest [Metsoszs00 
Peripheral M5L8243P 125 | : 44 44, 000 
Pevovers!__|Mewescase | | ss | co | onan 

150 ' 448 





125 
































aanala an 
aalaala ao 


125 . 44 44, 000 
; 88 88, 000 











Test Series me ed ee Test Condition Number of | Device Hours | Number of 
ie Ta(C) |Vec(volt) | Samples | (Hours) Failures 
, 7 


1,816, 000 4 
36, 000 
180, 000 
96, 000 
732, 000 
48, 000 
186, 000 
48, 000 
72, 000 
36, 000 
72, 000 
132,000 

















































72, 000 
170, 000 


448, 000 
120 120, 000 
360 720, 000 
32 32, 000 
60 | 60,000 
32 32, 000 
22 | 22,000 
48 48, 000 | 
44, 000 
44, 000 








OR OR Oe eee em en) 





44 44, 000 
66 66, 000 © 
66 66, 000 


66 _ 66, 000 
88 88, 000 


44 44, 000 
88 88, 000 
44 44, 000 
| 66, 000 
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44, 000 
36, 000 
36, 000 
22, 000 
36, 000 
48, 000 
24, 000 
44, 000 
22, 000 
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22 22, 000 
22 22, 000 
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Table 3 shows the results of the environment tests of ther- durance tests. 3 
mal stress high temperature/high humidity and pressure | Table 4 shows the results of mechanical tests for repre- 
cooker test for the same type of products in regards to en- sentative products of various package types. 


Table 3 ENVIRONMENTAL TEST RESULTS 
























Ta(‘C) | RH(%) 
85 | 85 | 5.5 





Number of | Device Hours | Number. of 
)| Samples (Hours) Failures | _ 






















































High Temperature | MELPS 740 M50740A-XXXSP 288, 000 
High Humidity Life M50744-XXXSP 144, 000 : 
: M50744-XXXFP 88, 000 0 
M50745-XXXFP 48, 000 0 
M50747-XXXSP 216, 000 0 
M50747-XXXFP 128, 000 0 
M50753-XXXFP 32, 000 0 
M50754-XXXSP 48, 000 0 
M50754-XXXFP 44, 000 0 
M50931-XXXFP 66, 000 0 
M50734SP 96, 000 0 
M37450M2-XXXSP 38, 000 0 











MELPS 8-48 M5L8049-XXXP 
M5L8050H-XXXP 
M5M80C49-XXXP 
MSMC49A-XXXFP 
M5L8041A-XXXP 
M5L8042-XXXP 


M5L8042-XXXP 


66, 000 
66, 000 
88, 000 
44, 000 
32, 000 
88, 000 
44, 000 



















MELPS 8-41 








































Peripheral M5L8243P 85 85 515 66 66, 000 
-M5M82C43P | 5.5 44 44, 000 
M5M82C43FP 5.5 22 22, 000 








Number of Number of Failures 
Samples | 96Hours |240Hours|500Hours| 





Pressure Cooker MELPS 740 M50740A-XXXSP 121°C, 100% © 
: M50744-XXXSP 
M50747-XXXSP 
M50753-XXXFP 
M50754-XXXSP 
M50754-XXXFP 
M50931-XXXFP 
M50734SP 
M37450M2-XXXSP 
M37450S4SP 


(21, 100% | 220 | 0 
M5L8049-XXXP 121°C, 100% 66 0. 
M5L8050H-XXXP 44. 1 
'M5M80C49-XXXP = - 
M5L8041A-XXXP 121 C, 100% 
M5L8042-XXXP ee 
re eee 
M5M82C43P 






















no scccsooos 


-Jbco-coenen 
iJooon-o-n- 















MELPS 8-48 










MELPS 8-41 









1-32 | ; ~ @ =~ itsusisuHi 
| ELECTRIC 


MITSUBISHI SINGLE-CHIP 8-BIT MICROCOMPUTERS 


QUALITY ASSURANCE AND RELIABILITY TESTING 





— _ Number of |} Number of Failures 
Test Series Type Number Test Condition 
Samples /|10Cycles| 100Cycles | 500Cycles 


Temperature Cycling MELPS 740 M50740A-XXXSP —65°C, 30min 220 
M50743-XXXSP 150°C, 30min 
M50744-XXXSP 
M50745-XXXFP 
‘M50747-XXXSP 
M50747-XXXFP 
M50753-X XX FP 
M50754-XXXSP 
M50754-XXXFP 
M50931-XXXFP 
M50734SP 
M37450M2-XXXSP 
M37450S4SP 


'M50747ES —65°C, 30min 
M50747E-XXXSP 150°C, 30min 
MELPS 8-48 M5L8049-XXXP —65°C, 30min 
M5L8050H-XXXP 150°C, 30min 76 
M5M80C49-XXXP 220 


M5MC49-XXXFP 50 
MELPS 8-41 M5L8041A-XXXP —65°C, 30min 
| M5L8042-XXXP 
Peripheral M5L8243P | 
M5M82C43P 150°C, 30min 


oO 
oO 
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Table 4 MECHANICAL TEST RESULTS 


Package Pin Count 40P4 52P4B 64P4B Peeps ae 72P6, Eee 
MELPS 8-48 MELPS 740 MELPS 740 | MELPS 8-48 | 8-48 | MELPS 740 | 740 


Number of | Number of | Number of | Number of | Number of | Number of | Number of | Number of | Number of | Number of 
Samples | Failures | Samples | Failures | Samples | Failures | Samples | Failures | Samples | Failures 
— ’ Gy 
) 15cycles 
pound | side — we foo | mo] o | wo | o | wo | o |. } o | 
20G, Teele 
déviiee/ direction 
Acceleration 
250gr/125gr, ES 
veanumiean 90°Berding elimes 
a ri 
Tension 30s 


4 FAILURE ANALYSIS _ Au-Al intermetallic formation so-called “Purple plague” 















Test Condition 





Accelerated reliability tests are applied to observe failures by thermal overstress makes Au wire lift off from alumi-. 
casued by temperature, voltage, humidity, current, mecha- num metallization. The activation energy of this failure 
nical stress and those combined stresses on chips and ' mode is estimated approximately 1.0eV and no failure: 
packages. | | has been observed so far in practical uses. 
Examples of typical failure modes are shown below. (2) Aluminum Corrosion Failure by Temperature/Humidity 
(1) Wire Bonding Failure by Thermal Stress Stress. 
Fig. 3, Fig. 4 and Fig. 5 are example of a failure occur- Fig. 6,.Fig. 7 and Fig. 8 are an example of corroded fa- | 
red by temperature storage test of 225°C, 1000hours. . _ilure of aluminum metallization in plastic encapsulated . 


IC after accelerated temperature/humidity storage test 
| Fig.3 | (pressure cooker test) of 121°C, 100% RH, 1000hours 
Micrograph of curation, | 
lifted Au ball trace Aluminum bonding pad is dissolved by penetrated wa- 
on Al bonding pad | ter from plastic package, and chlorine concentration is 
observed on corroded aluminum bonding pad as shown 
in Fig. 8. 











Fig.4 Fig.5 | 
Au-Al plague formation Lifted Au wire ball base 
on bonding pad — Fig.6 


Micrograph of corroded - 
Aluminum metallization 





7 MITSUBISHI 
ae | ELECTRIC 


MITSUBISHI SINGLE-CHIP 8-BIT MICROCOMPUTERS 


QUALITY ASSURANCE AND RELIABILITY TESTING 








(3) 





Fig.7 
Enlarged 
micrograph 
of corroded 


Aluminum 
bonding pad 


Fig.8 

Cl 
distribution 
on corroded 
Aluminum 
bonding pad 


Destructive Failure by Electrical Overstress . 
ESD have been performed to reproduce the electrical 
overstress failure in field uses. 


Fig. 9 and Fig. 10 are an example of failure observed 


by surge voltage test. The trace of destruction is veri- 
fied as the aluminum bridge by X-ray micro analysis. 


Fig.9 


Fig.10 
Aluminum trace _ 
of destructive spot 


(4) Aluminum Electromigration 
Fig. 11 shows an open circuit of aluminum metallization 
in high current density region caused by accelerated 
operating life test. This failure is caused by the alumi- 
num electromigration. Voids and hillock have been 


formed in aluminum metallization by high current de- 


nsity. 


Fig.11 

Voids and 
hillocks 
formation 

by Aluminum 





5 SUMMARY . 
The Mitsubishi quality assurance system and examples of 
reliability control have been discussed. Customer’s interest 
and requirement for high reliable IC & LSI are increasing 
significantly. To satisfy customer's expectancy. Mitsubishi 
as an IC vendor, would like to make perpetual efforts in the 
following areas. 
(1) Emphasis on built-in reliability at design stage and re- 
liability evaluation to investigate latent failure modes 
and acceleration factors. 


(2) Execution of periodical endurance, environment and — 


mechanical test to verify reliability eee and realize 
higher reliability. . 

(3) Focus on development of advanced failure analysis 
techniques. Detail failure analysis, intensive corrective 
action and quick response to customer’s analysis re- 
quest. | a 

(4) Collection of customer's quality data in qualification, in- 
coming inspection, production and field use to improve 
PPM, fraction defective and FIT, failure rate. 

Mitsubishi would highly appreciate if the customer would 

provide quality and reliability data of incoming inspection or 

field failure rate essential to verify and improve the quality/ 
reliability of IC & LSI. 
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A MOS transistor has a very thin oxide insulator under the 
gate electrode on the silicon substrate. It is operated by 
altering the conductance (g,,,) between source and drain to 
control mobile charges in the channel formed by. the 
applied gate voltage. ; 

If a high voltage were applied to a gate. terminal, the 
insulator-film under the gate electrode could be destroyed, 
and all Mitsubishi MOS IC/LSIs contain internal protection 
circuits at each input terminal to prevent this. It is inherent- 
ly necessary to apply reverse bias to the P-N junctions of a 
MOS IC/LSI. 

Under certain conditions, however, it may be impossible 
to completely avoid destruction of the thin insulator-film due 
to the application of unexpectedly high voltage or thermal 
destruction due to excessive current from a forward biased 
_P-N junction. Therefore the following recommendations 
should be followed in handling MOS devices. 


1. KEEPING VOLTAGE AND CURRENT TO 
EACH TERMINAL BELOW MAXIMUM 
RATINGS 


1. The recommended ranges of Operating conditions 
- provide adequate safety margins. Operating within these 

limits will assure maximum equipment Ren mene and 
quality. 

2. Forward bias should not be applied to any ferminial since 
excessive current may cause thermal destruction. 

3. Output terminals should not be connected directly to 
the power supply. Short-circuiting of a terminal to a 

_ power supply having low impedance may cause burn-out 
of the internal leads or thermal destruction due to 
excessive current. | 


2. KEEPING ALL TERMINALS AT THE 
SAME POTENTIAL DURING TRANSPORT 
AND STORAGE 


When MOS IC/LSIs are not in use, both input and output 
terminals can be in a very high impedance state so that they 
are easily subjected to. electrostatic induction from AC 
fields of the surrounding space or from charged objects 
in their vicinity. For this reason, MOS IC/LSls should be 
protected from electrostatic charges while being transported 
and stored by conductive rubber foam, aluminum foil, 
shielded boxes or other protective precautions. 


3. KEEPING ELECTRICAL EQUIPMENT, 
WORK TABLES AND OPERATING 
PERSONNEL AT THE SAME POTENTIAL 


1. All electric equipment, work table surfaces and operat- 


ing personnel should be grounded. Work tables should 
be covered with copper or aluminum plates of good 


conductivity, and grounded. One method of grounding 


personnel, after making sure that there is no potential 
difference with electrical equipment, is by the use of a 
wristwatch metallic ring, etc. attached around the wrist 
and grounded in series with a 1m. resistor. Be sure that 
the grounding meets national regulations on personnel 
safety. 


. Current leakage from electric equipment must be 


prevented not only for personnel safety, but also to 
avert the destruction of MOS IC/LSIs, as described 
above. Items such as testers, curve-tracers and synchro- 
scopes must be checked for current leakage before being 
grounded. | 


. PRECAUTIONS FOR MOUNTING OF 


MOS IC/LSIs 


. The printed wiring lines between input and output ter- 


minals of MOS IC/LSlIs should not be close to or parallel 
to high-voltage or high-power signal lines. Turning pow- 
er on while the device is short-circuited, either by a sol- 
der bridge made during assembly or by a probe during 
adjusting and testing, may cause maximum ratings to be 
exceeded, which can result in the destruction of the 
device. | 


. When input/output, or input and/or output, terminals 


of MOS IC/LSIs (now open-circuits) are connected, 
we must consider the possibility of current leakage and 
take precautions similar to §2 above. To reduce such 
undesirable trouble, it is recommended that an interface 
circuit be inserted at the input or output terminal, ora 
resistor with a resistance that does not exceed the 


output driving capability of the MOS IC/LSI be inserted 


between the power supply and the ground. 


. A filter circuit should be inserted in the AC power 


supply line to absorb surges which can frequently be 
strong enough to destroy a MOS IC/LSI. 


4. Terminal connections should be made as described in the 


catalog while being careful to meet specifications. 


. Ungrounded metal plates should not be placed near 


input or output terminals of any MOS IC/LSls, since 
destruction of the insulation may result if they become 
electrostatically charged. 


. Equipment cases should provide shielding from electro- 
static charges for more reliable operation. When a plastic 


case is used, it is desirable to coat the inside of the case 
with conductive paint and to ground it. This is considered | 


_ necessary even for battery-operated equipment. 
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DESCRIPTION 

The M50740A-XXXSP, M50741-XXXSP and the M50740ASP 
are single-chip microcomputers designed with CMOS sili- 
con gate technology. All are housed in a 52-pin shrink plas- 
tic molded DIP (flat package type also available). These 
single-chip microcomputers are useful for business equip- 
ment and other consumer applications. 

In addition to their simple instruction sets, the ROM, RAM, 
and |/O addresses are placed on the same memory map to 
enable easy programming. 

The differences among the M50740A-XXXSP, M50741- 


XXXSP and the M50740ASP are noted below. The following ~ 


explanations apply to the M50740A-XXXSP. Specification 
variations for other chips are noted accordingly. 


M50740A-XXXSP 


ROM 3072bytes 
Port: PO, PI, P2>**-" Pull-up transistor 
option 
seeese Pull-down transistor option 
seveee Input exclusive option 


M50741-XXXSP ROM 4096bytes 
M50740ASP External ROM type of MS0740A-XXXSP 


The differences among the M50740A-XXXSP and the 
M50740A-XXXFP are the package outline and power dis- 
sipation ability (absolute maximum ratings). 





DISTINCTIVE FEATURES 


@ Number of basic instructions::+:::1ssrtte treet “70 
@ Memory size ROM-:::-:: 307 2bytes (M50740A-XXXSP) 
4096bytes (M50741-XXXSP) 

RAM Poe e errr rer recreccecersesecerenesecosons 96bytes 


@ Instruction executing time 
sees 2s (minimum instructions at 4MHz frequency) 
® Single power supply f(Xiy)=4MHzZe eee 5V+10% 
Power dissipation 
normal operation mode (at 4MHz frequency) 
Rr eeee eee eee rere ree reer rere ree ee ee 15mW (Vcc=5V, Typ.) 


@ Subroutine nesting «vr 48 levels (Max.) 
e Interrupt Se Noth see ae yy net Sees 6types, 5 vecters | 
@ B-bit timer cccccccccec reece eee eee eee eee eee nent ee eeeee eet e ees 3 
@ Programmable 1/O (Ports PO, P1, P2, P3)-::rr 32 
APPLICATION 


VCR, Tuner, Audio-visual equipment 


SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 


MS0740ASP 


PIN CONFIGURATION (TOP VIEW) 

















P2;+ Hi Voc 
P2, +> NC 
P2. — <7 P39 
VOpetPoat a aes 
por er > P3, 
P2, ++ [6 +> P33 
. I/O port P3 
P2, = ace P3, 
P2, ce 8 | - P35 
NC +> P3¢ 
PO; ++ [10 +> P3, 
PO, > = on Ss Pig 
PO; - an S ™N +> P1 1 
PO, +> = = 5 +> PI 
/O portPo {4 ROTO>D : 
POs++[M4} OK Y + Pla 
> & 1/O port P1 
PQ. +> ct < 6 +> Pl, 
PO, <<? 16 % eh id Pis 
P09 - <P. Pi, 
Timer I/O and 
interrupt input CNTR Lig we Plz Basdt 
Interrupt input INT — [19] — RESETour output 
NC — CE Chip enable 
vay Read/Write 
CNVss — R/W output . 
Reset input RESET — —>¢ Timing output 
Clock input Xin +> Ro 
Xoutr *— > R, | 
Clock output I/O port R 
Xouts * +* Re 
Vss + Rs 
Outline 52P4B 
5 
fe) 
kK 
DIZ 
TOO Lee eee CS 
ROT RRA EA oO aloe 
a ee ae es ae a am oat oe ee 
P3, +> | 40 —> ) 
P33 + [41 ++ Ro 
P3. a C) +R, 
P3, ++ | ++ Ro 
P38, +> [44] M50740A-XXXFP +> Ry 
Vss - or 7 Vss 
Voc M50741-XXXFP 3] —* Xouts 





Outline SOP6 


For M50740ASP, CNVss should be connected to Vcc 


NC: No Connection 
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MS50740A-XXXSP BLOCK DIAGRAM 





Reset Interrupt Reset Input - Output Output Timing 
__ output input input clock clock clock output (5V) (OV) (OV) 
RESETour INT RESET Xin Xoutr Xoutrs ¢ Vec Vss CNVss 


© -@)— - 





a. a 
Clock tt 


circuit 






























8-bit 






































arithmetic BOM 

a 96 bytes Processor Program Program 

logical unit Stack pointer status counter counter (Note 1 ) 
S(8) 


Accumulator Index register | | Index register 
A(8) *X(8) Y(8). 


, _ Instruction 

t ue - nin JU =i 

Instruction 
[(eea 

TT TT | pats) oe | pots) | [(eea ae | 
= Control signal 

Pe 
| Bree. | | away | X 
1 Mt CX2) 03110E1}-— - (9 -$ —-_-___—. 


register PS(8) PC,,(8) PC, (8) 


















-—_____©— -__®—___@—____- TY 





e nae ee Se ee ee CNTR 
Chip Read/ chet R I/O port P3 ~ YO pei P2 1/O port P1 1/0 port PO Timer I/O and interrupt input 
enable —_ write ; 
output 


Note: 1 4096 bytes for M50741-xXXXSP 
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FUNCTIONS OF. M50740A-XXXSP 


| ) 
Memory size 
INT 
i ) 
a 



























PO, P1, P2, P3 © /O | 8-bitX4 
1/O port 
1/0 
1/0 


( 
4-bitX1] — 
46 level (max. 


(ri ‘ fone: 
7 
I/O characteristics 


Device structure CMOS silicon gate process 
M50740A-XXXSP, M50741-XXXSP, M50740ASP 52-pin shrink plastic molded DIP 


M50740A-XXXFP, M50741-XXXFP 50-pin plastic molded QFP 














Package 
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‘PIN DESCRIPTION 


















Functions 


Power supply inputs 5V+10% to Vcc, and OV to Vsgs. 


[ene [oe This is usually connected to Vss( for M50740ASP, connected to Vcc). ' 


Reset input 


Clock input 








To enter the reset state, the reset input pin must be kept at a “L” for more than 2us (under normal Voc 
conditions). If more time is needed for the crystal oscillator to stabilize, this “L” condition should be main- 
tained for the required time. 





This chip has an internal clock generating circuit. 

| To control generating frequency, an external RC circuit is connected between the Xin and Xourts or the 
Xoutr pins, and an external ceramic or a quartz crystal oscillator is connected between the Xin and Xourts 
pins. If an external clock is used, the clock source should be connected to the Xy pin, and the Xourts-and 
Xoutr pins should be left open. 


This is output pin from internal clock generating circuit. The generating frequency can be controlled by 
connecting a RC circuit, a ceramic or a quartz crystal oscillator between this pin and Xin pin. 


Clock output 








Clock output 


CNTR Timer 1/O or intemrupt 
input 


TNT | imerup input 


—_ +e 


1/0 port P3 
1/0 port R 
for input. 


— Read/Write output This pin outputs read/write signal for |1/O expander. 7 
ce Chip enable output Output This pin outputs the chip enable signa! for I/O expander. . 
RESETou+ Reset output Output This pin outputs the reset signal for |/O expander. : fe 





This is output pin from internal clock generating circuit. The generating frequency can be controlled by 
connecting a RC circuit between this pin and Xin pin. 


This is the timing output pin. . . 


This is in common with an I/O for the timer X and an interrupt input pin. 


















This is the lowest order interrupt input pin. 






Port PO is an 8-bit I/O port with directional registers allowing each I/O bit to be individually programmed as 
input or output. At reset, this port is set to input mode. The output structure is N-channel open drain. 


Port P1 is an 8-bit I/O port and has basically the same functions as port PO. 


Port P2 is an 8-bit {/O port and has basically the same functions as port PO. 









Port P3 is an 8-bit I/O port and has basically the same functions as port rer but the output structure is PS 
channel open drain. . 





Port R is a 4-bit 1/O port, and is used to connect with an I/O expander. For M50740A-XXXSP, it can be only 
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BASIC FUNCTION BLOCKS 


MEMORY 

A memory map for the M50740A-XXXSP is shown in Figure 
1. Addresses 1400;, to 1FFF,, are assigned to the built-in 
ROM area which consists of 3072 bytes. 


Addresses 1000,, to 1FFF,, are the ROM address area: 


assigned to the M50741-XXXSP. 

Addresses 1F00;, to 1FFF,, are a special address area 
(special page). By using the special page addressing 
mode of the JSR instruction, subroutines addressed on this 













_ Decimal . 
0000 
/ — : 
OO5F Q5 Ds O0ESi6 
16 
Zero page / : 00E4i6 
Not used / : : directional 
00016 BG QUESi6| Port P2 friction! | 
OOEO 
OOE816{ Port P3 
OOF Fi, 255 at directional 
: ~ 
Nonueed ) 0 
1000,. 
140046 \ 
\ 
; . 
\ 
1F0046 \ 
\ 
ROM OFsef 
M50741- Ss i 
HENAN ee sate page ae \ OOF9,6| Timer 1, 2 prescaler 
or 6 —- \ 
except subroutine Address H INT \ (OOF Ats 
ee : Timer 1 \ OOFCi¢] Timer X prescaler 
\ 
Address L \ i 
es. Aeeetee 4 CNTR OOF E;¢{Interrupt control register 
Address L RESET \ OOFFi Ti trol regist 
: RESE \ imer control register 





Fig.l] Memory map 


page can be called with only 2 bytes. Addreeses 1FF4,, to 
1FFF,, are vector addresses used for the reset and inter- 
rupts (see interrupt chapter). Addresses 0000;, to OOFF 4, 
are the zero page address area. By using the zero page 
addressing mode, this area can also be accessed with 2 
bytes. The use of these addressing methods will greatly re- 
duce the object size required. The RAM, |/O port, timer, 
etc., are assigned to this area. 

Addresses 0000, to 005F,, are assigned to the built-in 
RAM and consist of 96 bytes of static RAM. In addition to 
data storage, this RAM is used for the stack during sub- 
routine calls and interrupts. . 
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CENTRAL PROCESSING UNIT (CPU) 


The CPU consists of 6 registers and is shown in Figure 2. 


ACCUMULATOR (A) 

The 8-bit accumulator (A) is the main register of the micro- 
computer. Data operations such as data transfer, Input/Out- 
put, etc., are executed mainly through accumulator. 


INDEX REGISTER X (X) 

The index register X is an 8-bit register. 

In the index addressing mode, the value of the OPERAND 
added to the contents of the register X, specifies the real 
address. When the T flag in the processor status register is 
set to “1”, the index register X itself becomes the address 
for the second OPERAND. 


INDEX REGISTER Y (Y) 

The index register Y is an 8-bit register. _ 

In the index addressing mode, the value of the OPERAND 
_ added to the contents of the register Y specifies the real 
address. 


STACK POINTER (S) 

The stack pointer (S) is an 8-bit register that contains the 
address of the next location in the stack. It is mainly used 
during interrupts and subroutine calls. The stack pointer is 
not automatically initialized after reset and should be initial- 
ized by the program using the TXS instruction. | 
The contents of the stack pointer is XXj,, the stack address 
is set to OOXXig. When using this microcomputer in the 


Accumulator 
Index register X 
Index register Y 
ee pointer 


Program counter 


Fig.2 Register structure — 





single-chip mode, the stack pointer should be set at the 
bottom address of the internal RAM. 
When an interrupt occurs, the higher 8 bits of the program 
counter are pushed into the stack first, and then the lower 8 
bits of the program counter are pushed into the stack. After 
each byte is pushed into the stack, the stack pointer is de- 
cremented by one. Next, the contents of the processor sta- 
tus register are pushed into the stack. When the return from 
interrupt instruction (RTI) is executed, the program counter 
are processor status register data is pulled off the stack in 
reverse order from above. 

The Accumulator is never pushed into the stack automati- 
cally. A Push Accumulator instruction (PHA) is provided to 
execute this function. Restoring the Accumulator to its pre- 
vious value is accomplished by the Pull Accumulator in- 
struction (PLA). It is executed in reverse order of the PHA 
instruction. 

The contents of the Processor Status Register (PS) are 
pushed (pulled) to (from) the stack with the PHP and PLP 
instructions, respectively. Only the program counter is 
pushed into the stack during a subroutine call. Therefore, 
any registers that should not be destroyed should be 
pushed into the stack manually. The RTS instruction is 
used to return from a subroutine. 


‘PROGRAM COUNTER (PC) 


The 16-bit program counter consists of two 8-bit registers 
PCy and PC,. The program counter is used to indicate the: 
address of the next instruction to be executed. PC, is only 
5 bits long. | 


Prosessor status register 


7 0 


Carry flag 
Zero flag 

Interrupt disable flag 
Decimal mode flag 
Break flag 
— X mode flag 
Overflow flag 


Negative flag 
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PROCESSOR STATUS REGISTER (PS) 

The processor status register is composed entirely of flags 
used to indicate the condition of the processor immediately 
after an operation. Branch operations can be performed by 
testing the Carry flag (C), Zero flag (Z), Overflow flag (V) 
or the Negative flag (N). Each bit of the register is ex- 
plained below. 


1. Carry flag (C) 


The carry flag contains the carry or borrow generated by | 


the Arithmetic and Logical operation Unit (ALU) im- 
mediately after an operation. It also changed by the shift 
and rotate instructions. The set carry (SEC) and clear carry 
(CLC) instructions allow direct access for setting and 
clearing this flag. 


2. Zero flag (Z) : 

This flag is used to indicate if the immediate operation 
generated a zero result or not. If the result is zero, the zero 
flag will be set to “1”. If the result is not zero, the zero flag 
will be set to “0”. 


3. Interrupt disable flag (1) 

This flag is used to disable all interrupts. This is accom- 
plished by setting the flag to “1”. When an interrupt, this 
flag is automatically set to “1” to prevent other interrupts 
from interfering until the current interrupt is completed. The 
SEI and CLI instructions are used to set and clear this flag, 
respectively. 


4. Decimal mode flag (D) 


The decimal mode flag is used to define whether addition . 


and subtraction are executed in binary or decimal. If the 
decimal mode flag is set to “1”, the operations are ex- 
ecuted in decimal, if the flag is set to “0”, the operations 
are executed in binary. Decimal correction is automatically 
executed. The SED and CLD instructions are used to set 
and clear this flag, respectively. 


5. Break flag (B) 


When the BRK instruction is executed, the same operations 


- are performed as in an interrupt. The address of the inter-— 


rupt vector of the BRK instruction is the same as that of the 
lowest priority interrupt. The contents of the B flag can be 
checked to determine which condition caused the interrupt. 


If the BRK instruction caused the interrupt, the break flag | 


will be “1”, otherwise it will be “0”. 

6. Index X mode flag (T) 

When the T flag is “1”, operations between memories are 
executed directly without passing through the accumulator. 
Operations between memories involving the accumulator 
are executed when the T flag is “0” (i.e., operation results 
between memories 1 and 2 are stored in the accumulator). 


The address of memory 1 is specified by the contents of 
the index register X, and that of memory 2 is specified by 
the normal addressing mode. The SET and CLT instructions 
are used to set and clear the index X mode flag, respec- 
tively. 


7. Overflow flag (V) 

The overflow flag functions when one byte is added or sub- 
tracted as a signed binary number. When the result ex- 
ceeds +127 or —128, the overflow flag is set to “1”. When 
the BIT instruction is executed, bit 6 of the memory location 
is input to the overflow flag. The oveflow flag is reset by the 
CLV instruction and there is no set instruction. 


8. Negative flag (N) 

The negative flag is set whenever the result of a data trans- 
fer or operation is negative (bit 7 is set to “1”). Whenever 
the BIT instruction is executed, bit 7 of the memory location 
is input to the negative flag. There are no instructions for 
directly setting. or resetting the negative flag. 
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INTERRUPT 

The M50740A-XXXSP can be interrupted from seven 
souces, CNTR, timer X, timer 1, timer 2, or ‘INT/BRK in- 
struction. 

_ These interrupts are vectored and their priorities are shown 
in Table 1. Reset is included in this table since it has the 
same functions as the interrupts. 

When an interrupt is accepted, the contents of certain reg- 
isters are pushed into specified locations, (as discussed in 
the stack pointer section) the interrupt disable flag | is set, 
the program jumps to the address specified by the interrupt 
vector, and the interrupt request bit is cleared automatical- 
ly. The reset interrupt is the highest priority interrupt and 
can never be inhibited. Except for the reset interrupt, all in- 
terrupt are inhibited when the interrupt disable flag is set to 
_ “4” All of the other interrupts can further be controlled indi- 


Table 1 Interrupt ee address and priority 




















7 0 
: ieenncers 


Interrupt 
request 


Interrupt disable flag | 


Fig.3 Interrupt control 


vidually via the interrupt control register shown in Figure 3. 
An interrupt is accepted when the interrupt enable bit and 
the interrupt request bit are both “1” and the interrupt dis- 
able flag is “O”. 

The interrupt request bits are set when the following condi- 
tions occur: 


(1) When the CNTR or INT pins go from “H” to “L” 


(2) When the contents of timer X, timer 1, timer 2 go to “0” 
These request bits can be reset by the program but can not 
be set by the program. However, the interrupt enable bit 
can be set and reset by the program. 

Since the BRK instruction and the INT interrupt have the 
same vectored address, the contents of the B flag must be 
checked to determine if the BRK instruction caused the in- 
terrupt or if INT generated the interrupt. 


Interrupt control register (Address OOFE;,) 
Bit 7: CNTR interrupt request bit 
Bit : CNTR interrupt enable bit 

Bit5: Timer 1 interrupt request bit 

Bit4: Timer 1 interrupt enable bit 

Bit 3: Timer 2 interrupt request bit 

Bit2: Timer 2 interrupt enable bit 

Bit 1: INT interrupt request bit 

Bit 0: INT interrupt enable bit ~ 


Timer control register (Address OOFF,,) 
Bit 7: Timer X interrupt request bit 
— Bits ; Timer X interrupt enable bit 
- Bit5 : Timer X count stop bit 
Bit 4: Not used 
Bit 3: 
| Timer X mode bit 
Bit 2: -_ 
--Bitl: 


| Processor mode bit 
Bit 0: 
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TIMER 

The M50740A-XXXSP has three timers; timer X, timer 1, 
and timer 2. Timer X has four modes which can be selected 
by bit 2 and 3 of the timer control register. When the timer X 
count stop bit (bit 5) is set to “1”, the timer X will stop re- 
gardiless of which mode it is in. A block diagram of timer X, 
timer 1 and timer 2 is shown in Figure 4. 

Timer 1 and timer 2 share with a prescaler. This prescaler 
has an 8-bit progrdmmable latch used as a frequency divid- 
er. The division ratio is defined as 1/(n-+2), where n is the 
decimal contents of the prescaler latch. All three timers are 
down-count timers which are reloaded from the timer latch 
following the zero cycle of the timer (i.e. the cycle after the 
timer counts to zero). 

The timer interrupt request bit is set to “1” during the next 
clock pulse after the timer reaches zero. The interrupt and 
timer control registers are located at addresses OOFE,, and 
OOFF,.¢, respectively (see interrupt section). The prescaler 
latch and timer latch can be loaded with any number ex- 
cept zero. 


When STP 


Oscillator Divider : ne 
instruction is 


o 
1/16 Ode: 
C) 


Pulse width test mode 


i) O 
i >O 
e Event counter mode 
O 


Pulse output mode 
O 


< 


circuit is 


Prescaler latch (8} Prescaler latch (8} 


| Prescaler (8) | | Timer 1(8) | 1( 


Fig.4 Block diagram of timer X, timer 1 and timer 2 | 


executed, this 


connected 
coercively. 


The four modes of timer X as follows: 


(1) 


Data bus 


Prescaler Prescaler latch (8) 


Prescaler (8 


Timer X count stop bit (Bit 5 of address OOFF4.) 


Toggle flip-flop 


| Timer 1 tatch (8) | air: latch (8 





Timer mode (00) : 

In this mode the clock is driven by the oscillator fre- 
quency divided by 16. When the timer down-counts to 
zero, the timer interrupt request bit is set to “1” and 
the contents of the timer’s latch is reloaded into the 
timer and the counting begins again. 

Pulse output mode (01) 

In this mode, the polarity of the CNTR signal is re- 
versed each time the timer down-counts to zero. 

Event counter mode [10] 

This’: mode operates in the same manner as the timer 
mode except, the clock source is input to the CNTR 
pin. This mode will allow an interrupt to be generated 
whenever a specified number of external events have 


been. generated. The timer down-counts every rising 


edge of the clock sourse. 


| Timer X latch (8) X latch (8 = 


to timer X interrupt 
=H py EIEIO X (8 


request bit 


po Reset, or STP instruction 


Timer 2 latch (8) | 


to timer 1 I 


request Timer 2 (8) 


bit 


to timer 2 interrupt 
request bit 
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(4) Pulse width measurement mode [11] 


This mode measures the pulse width (between lows) 


input to the CNTR pin. The timer, driven by the oscilla- 


tor frequency divided by 16, continues counting during 
the low cycle of the CNTR pin. When the timer con- 
tents reaches “0”, the interrupt request bit is set to “1”, 
the timer’s reload latch is reloaded and the counting 
resumes. 

The structure of the timer control register is shown in 
Figure 5. | - 

When the STP instruction is executed, or after reset, 
the prescaler and timer latch are set to FFy and 0146, 
respectively. Also, when the STP instruction is ex- 
ecuted, the oscillator’s frequency (divided by 16) will 
become the counting source, regardless of the timer X 
mode setting. This state will be released when the tim- 
er X interrupt request bit is set to “1”, or after a reset. 
Timer X will then enter the mode specified by its mode 
bits. For more details on the STP instruction, refer to 
the oscillation circuit section. | 
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Timer control register (Address OOFF,¢) 


Prosessor mode bit 

00 : Single-chip mode 

0 1 : Memory expanding mode 
1 0 : Microprocessor mode 

1 1 : Eva-chip mode 


Timer X mode bit 

00 : Timer mode 

0 1 : Pulse output mode 

1 0 : Event counter mode 

1 1 : Pulse width measurement mode 


Timer X count stop bit 
0 : Count start 
1: Count stop 


Timer X interrupt enable bit 
Q : Interrupt disable 
1 : Interrupt enable 


Timer X interrupt request bit 


0 : No interrupt request . 


1 : With interrupt request 





Fig.5 Structure of timer control register 
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Address 
Port PO directional 
register 
Port P] directional 
register 
Port P2 directional 
register 
Port P3 directional 
register 


Elis 

E316 

E516 
- EM, ve 0016 
Prescaler X FCis ze FFie 
Timer X FDig ) - Olie 
Interrupt control register 


FEj¢ pe 0016 


Timer control register FFi¢ oo 0016 


Interrupt disable flag on 7 
processor status register 


Program counter 


_..| Contents of address 
1FFFi¢ 

_.| Contents of address 
1FFEi¢ 

The output of oscillator is 

in the same state as the 

one after “FST” instruction — 


execution, and is 
connected to Xourtr pin. 





Fig.7 Internal state of microcomputer at reset 


RESET CIRCUIT 

The M50740A-XXXSP is reset according to the sequence 
shown in Figure 6. It starts the program from the address 
formed by the content of address 1FFF,, as the high order 
address and the content of the address 1FFFi, as the low 
order address, when the RESET pin is held at “L” level for 


gp. 


RESET 


RESETout 


Address 


Power on 


M50740A-XXXSP 


M50740A-XXXSP 


Supply voltage 


ye detection circuit 


Fig.8 Example of reset circuit 


more than 2us while the power voltage is in the recom- 

mended operating condition and the crystal oscillator 
oscillation is stable, and then returned to “H” level. The in- 

ternal initializations following reset are shown in Figure 7. 

An example of the reset circuit is shown in Figure 8. 

When the power on reset is used, the RESET pin must be 
- held “L” until. the oscillation of Xiy-Xoy7 becomes stable. 


A? K2LK 2:5 0-5 HX00S- IE FE IF FEO 20 


Reset address from the vector table 


ae PMOROXOAYEAEX 


8~15clock cycles. It differs 
depending on the internal 
condition of RUCIOCOMPULEE | 
at reset. 


\ 





Fig.6 Timing diagram at reset 


Note : 1 Frequency relation of f(x,,) and ¢ is foxy = 4d When 
address is I/O expanders’ (00D0,,~00DFi,), f(xy) Is 


8°¢. 
2 The mark “?” means that the address is changeable 
depending on the previous state. 
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VO PORTS 


(1) 


Port PO 


Port PO is an 8-bit I/O port with N-channel open drain: 


output. 

Pull-up transistor can be specified as an option for 
M50740A-XXXSP. As shown in the memory map 
(Figure 1), port PO can be accessed at zero page 
memory address O0E0j,. Port PO has a directional reg- 
ister (address 00E1,¢,) which can be used to program 
each individual bit as input (“0”) or as output (“1”). If 
the pins are programmed as output, the output data is 
latched to the port register and then output. When data 
is read from the output port the output pin level is not 
read, only the latched data in the port register is read. 
This allows a previously output value to be read cor- 


rectly even though the output voltage level is shifted up | 
or down. Pins set as input are in the floating state and 


the signal levels can thus be read. When data is writ- 
ten into the input port, the data is latched only to the 
port latch and the pin still remains in the floating state. 

Depending on the contents of the processor status reg- 
ister (bit 0 and bit 1 at address OOFF,.), four different 


(7) 


(8) 


modes can be selected; single chip mode, memory ex- | 


panding mode, microprocessor mode and eva-chip 


mode. These modes (excluding single-chip mode) 


have a multiplexed address output function in addition — 


to the I/O function. For more details, see the processor 
mode information. 


Port P41. 


In the single-chip mode, port P1 has the same function 
as PQ. In the other modes, P1’s functions are slightly 
different from PO's. For more details, see the processor 
mode information. 

Port P2 

In the single-chip mode, port P2 has the same function 
as PO. In the other modes, P2’s functions are slightly 
different from PO's. 

For more details, see the processor mode information. 
Port P3 

Port P3 is an 8-bit I/O port with P-channel open drain 
outputs. This port also has the pull-down transistor op- 
tion for M50740A- XXXSP. 

Port R 


Port R cennunieteetuns an I/O expander. When ¢ 


goes to level “H”, port R outputs the port address to 
that of the I/O expander. When ¢goes to “L”, it out- 
puts/inputs data to from the 1/O expander. The above 
data is effective only when CE pin goes to “L”. For the 
M50740A-XXXSP, this. port can be an input port as an 
option. The timing diagram is shown in Figure 9. 

CE pin | : 

The CE pin goes to “L” when addresses are moved to 
the I/O expander addresses (00D04, ~~ OODF,9) . This 


port is used to determine whether the Beare or data 


of port R is effective. 


pe 


R/W pin 

The R/W pin goes to “L” when the Seiten is ex- 
ecuted. The R/W signal tells an external device that 
the CPU wants to write or read. 

Clock ¢ output pin 

In normal conditions, the oscillator frequency divided 
by four is output as ¢. When CE pin goes to “L”, the 
oscillator frequency divided by eight is output as ¢. 


This is to synchronize with I/O expander. 


RESETour pin 

Wne the RESET pin goes to level “L”, the RESEToy; 
pin also goes to “L”. On the other hand, when the RE- 
SET pin goes to “H” the RESEToyz pin also goes to 
“H” after 8~15 clock cycles. This output is used to re- 
set the external devices. 

INT pin 

The INT pin is an interrupt input pin. The INT interrupt 
request bit (bit 7 at address OOFE;¢) is set to “1” when 
the input level of this pin changes from ‘ nH" to “L”. 
CNTR pin 

The CNTR pin is an |/O pin of timer x and also an in- 
terrupt input pin. The CNTR interrupt request bit (bit 7 
at address OOFE,,) is set to “1” when the input level of 
this pin changes from “H” to “L”. 

In the event counter mode, CNTR becomes the input 
pin of the external pulse. In the pulse output mode, the 
CNTR output changes polarity each time the contents 
of timer X goes to “0”. In the pulse width measurement 
mode, the pulse to be measured is input to this pin. 





Pll a es le 


tx asaress XData_ XXX 


cE ; Pe a a a 





Fig.9 Timing diagram of port R 
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N-channel open drain output - : 


Data directional - crmoeaell 


— Port 5 een aN 


Ports PO, P1, P2 







Data bus 


P-channel open drain output 









a Data directional register 7 


| Port latch 





Data bus 


Port P3 


N-channel open drain output 


| al Ports R, CNTR 


CMOS ca 


the oe 


¢, R/W, CE, RESEToyt 





- Fig.10 Block diagram of port PO~P3 (singl-chip mode) and output formats of port R, CNTR, ¢, R/W, CE, RESETour 
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PROCESSOR MODE 

By changing the contents of the processor mode bit (bit 0 
and 1 at address OOFF,,), four different operation modes 
can be selected; single-chip mode, memory expanding 
mode, microprocessor mode and evaluation chip. (eva- 
chip) mode. In the memory expanding mode, microp- 
rocessor mode and eva-chip mode, ports PO~ P2 can be 
used as multiplexed I/O for address, data and control sig- 
nals, as well as the normal functions of the I/O ports. 

Figure 11 shows the functions of ports PO~P2. 


The memory map for the single-chip mode is illustrated in 


Figure 1 and for other modes, in Figure 12. 

By connecting CNVss to Vss, all four modes can be 
~ selected through software by changing the processor mode 
bits. | | 
‘Supplying “H” level to CNVgg places the microcomputer in 
the eva-chip mode. The four different modes are explained 
' as follows: 

(1) Single-chip mode (00) 

The microcomputer will automatically be in the single- 
chip. mode when started from reset, if CNVss is con- 
nected to Vss. Ports PO~ P2 will work as original I/O 

_ ports. 

(2) Memory expanding mode [01) | 
The microcomputer will be placed in the memory ex- 
panding mode when CNVgg is connected to Vss and 
the processor mode bits are set to “01”. 
used to add external memory when the internal mem- 
ory is not sufficient. 
The lower 8 bits of address data for port PO is output 
when ¢goes to “H” state. When ¢goes to the “L” 
state, PO retains its original I/O functions. 
Port P1’s higher 5 bits of address data are output when 
¢ goes to “H” state and as it changes back to the “L” 
state it retains its original |/O functions. | 


This mode is 


Pins P1g and P1, output the SYNC and R/W control 
signals, respectively while ¢is in the “H” state. RDY 
signal is input from P17. When in the “L” state, P1s, 
Pig, and P17 retain their original |/O function. 


The R/W output is used to read/write from/to the out- 


side. When this pin is in the “H” state, the CPU reads 
data, and when in the “L” state, the CPU writes data. 
The SYNC is a synchronous signal which goes to the 
“H” state when it fetches the OP CODE. 

The RDY is a ready signal input and, when it goes to 
“L”, internal clock stops and the CPU waits the data. 
However, the oscillation does not stop. 

Port P2 retains its original output functions while ¢is at . 
the “H” state, and works as a data bus of D7; ~ Do 
(including instruction code) while at the “L” state. 
Microprocessor mode [10] 


_In this mode, port PO and P1 are used as the system 


address bus and the original function of the I/O pins is 
lost. Port P15, P1g and P17 become the R/W, SYNC and 
RDY pins, respectively and the normal |/O functions 
are lost. Port P2 becomes the data bus (D7~D,) and 
loses its normal I/O functions. Internal memory (00E14. 
to 00E0,,) cannot be used, and an external memory is 
needed if the address where normal I/O function have 
lost. 

Eva-chip mode (11) 

When “H” level is supplied to CNVss pin, the micro- 
computer is forced into the eva-chip mode. The main 
purpose of this mode is to evaluate ROM programs . 
prior to masking them into the microcomputer’s internal 
ROM. | 

With the exceptions that the internal ROM is disabled 
and that external memory must be attached, this mode 
is the same as the memory expanding mode. 

The relationship between the input level of CNVss and 
the proceso mode is shown in Table 2. 


Table 2 Relationship between CNVes pin input level and processor mode 


















* Single- chip. After reset, processor 
mode is single chip 
mode. | 

All modes can be 
selected by changing 


the processor mode bit 
















* Memory expanding 











* Eva-chip 









* Microprocessor in the program. 





Eva-chip mode only 


‘1° Eva-chip 





* Microprocessor 


M50741-XXXSP M50740A-XXXSP M50740ASP_— 
CNVss 


Same as left 





chip mode also can be 













After reset, processor | »* Microprocessor -Microprocessor mode 
only. (Do not change 
the processor mode bit | 


in the program). 


mode is — microp- 


rocessor mode. Eva 





selected by changing 
the processor mode bit 












in the program. 
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em ae 
: 








QO 
2) 










Single-chip mode Eva-chip mode Microprocessor mode 


Memory expanding mode 










Ports P07~P0, Same as left 


X I/O port 





Port PO Ports P07~P0) 


Address 
Cs Cr 


Ports PO7~P05 


Address A7z~™Ao : 









\ 


Ports P17~Plo Ports Pl4~Plo Ports Pl4~Plo 


















X 1/0 port Geese x |/O port Address Aj>~As 
Port Pls Port Pls 
Port P1 R/W I/O port) Same as left R/W 
Port Pig . Port Pl, 
SYNC X I/O port SYNC - 
Port Pl, - Port Pl, 
RDY I/O port RDY 











Ports P27~P2, Same as left _ Ports P27~P2, 


Floating 
Output porn XData D7~Do -——— = { Data Dy~Do] { Data Dy~Do] 


Ports P27~P25 


X1/0 port 


Port P2 





‘Fig.11 Processor mode and functions of ports PO~P2 © 
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Internal ROM 


SS 
Timer, Port P3, etc 
ie cara PO~P2 


1/0 11/0 expander | 


INXS 


Internal RAM . 


Wiss 


CLOCK GENERATING CIRCUIT 

The built-in. clock generating circuits are shown in Figure 
13. 

When the STP instruction is executed, the oscillation of in- 
ternal clock ¢is stopped in the “H” state. 

Also, the prescaler X and timer X are loaded with FF, and 
0146, respectively. The oscillator (dividing by 16) is then 


connected to the prescaler input. This connection is 


cleared when timer X overflows or the reset is in, as dis- 
cussed in the timer section. 

The oscillator is restarted when an interrupt is accepted. 
However, the internal clock ¢keeps its “H” level until timer 
X overflows. 

This is because the oscillator needs a set-up period if a 
ceramic or a quartz crystal oscillator is used. 


To return from the stop status, the interrupt enable bit must 
be set to “1” before executing STP instruction. To return 


Peterlee 
= 


Memory expanding Microprocessor mode 


se | from the stop status, the timer X count stop bit (bit 5 of 
The shaded area is address OOFF,,) must be set to “0” before executing STP 
Note 1 :- 100016 to M50741-XXXSP external memory area. instruction. 





Fig.12 External memory area in processor mode 
Interrupt request 


Interrupt disable flag | 
Reset — 


~ 


_ STP instruction- 


: Overflow 
Ey | Prescaler.X Timer X | 
SWoso - Timer X count stop bit 


CE= 1 
©) B 


Xouts Xourr 


Internal clock ¢ 


~ Reset 


——-STP instruction 





Fig.13 Block diagram of clock generating circuit 
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When FST instructions are executed, SWosc closes and 
when SLW instructions are executed, it opens. These in- 
structions are used for CR oscillation and changes oscilla- 
tion fequency. The SWogc closes at reset. 

The SW, is connected to the output of oscillation frequency 
divided by 8 (CE=1) when addresses are I/O expanders 
(00D0,,~ O0DF,.,), otherwise it is connected to the output 
devided by 4 (CE=0). Therefore the frequency of the in- 
ternal clock ¢ differs depending on addresses. 

This is to retain enough time for communication between I/ 
O expander and signals. | 

The circuit example using a ceramic oscillator (or a quartz 
crystal oscillator) is shown in Figure 14. 

The constant capacitance will differ depending on which 
oscillator is used, and enous be set to the manufacturs 
suggested value. 

_ The example of external clock usage is shown in Figure 15. 
Xin iS the input, and Xouyrz is open. 


PROGRAMMING NOTES 

(1) The frequency ratio of the timer and the prescaler is 
1/(n+2). 

(2) Set a value other than “0” for the timer and the pre- 
scaler. 

(3) Even though the BBC and BBS instructions are ex- 
ecuted after the interrupt request bits are modified (by 
the program), those instructions are only valid for the 

- contents before the modification. Also, at least one in- 
struction cycle must be used (such as a NOP) between 


the modification of the interrupt request bits and the 


execution of the BBC and BBS instructions. 

(4) Reading the timer and prescaler must be avoided 
while the input to the prescaler is changing. 

(5) After the ADC and SBC instructions are executed (in 
decimal mode), one instruction cycle (such as a NOP) 
is needed before the SEC, CLC, or CLD instructions 
are executed. 


(6) A NOP instruction must be used after the execution of - 


a PLP instruction. 
(7) The timer X and prescaler X must be set “FFy,” im- 
mediately before the execution of a STP instruction. 


DATA REQUIRED FOR MASK ORDERING 

. Please send the following data for mask orders. 

(1) Mask ROM confirmation form 

(2) Mark specification form — _ 4 

(3) ROM data::::::: tate eeneeeenenseneeseeessecea seen EPROM 38sets 
Write the following option on the mask ROM Sontumatien 
form 

¢ Port PO pull-up transistor bit 

¢ Port P1 pull-up transistor bit 

¢ Port P2 pull-up transistor bit 

¢ Port P3 pull-up transistor bit 

* Port R 1/O mode — 





M50740A-XXXSP 


Xout 


Fig.14 External ceramic resonator circuit 


M50740A-XXXSP 


Xout 


External oscillating circuit 





Fig.15 External clock input cirucit 
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‘ABSOLUTE MAXIMUM RATINGS 






Vi 












Input voltage Ro~Rz, CNVss‘N%°!), RESET, Xin 
| Vv, _| Input voltage P3y~P3; 


Input voltage INT, POg~PO7, Plo~P17, 
| P29~P27, CNTR . 






With respect to Vss. 


Vise 2 Output voltage Ro~R3 


Output transistors cut-off. 
Output voltage P39~P3;, Xoutr: Xouts: dg, 


R/W, CE, RESETout 


Vi 
Vo. 
Vo 
Output voltage P0o~P0;, Plo~P17, P2o~P2;, 
CNTR © 
[Pde 
| Topr__| 


Lose 3 Soeneneate ae eRe RELL 


Note 1 : —0.3~13V for M50740A-XXXSP. 
2: 300mW for QFP types. 


RECOMMENDED OPERATING ~ CONDITIONS (Ta=—10~70°, Voc=5V+10%, unless otherwise noted) 


, Parameter , Min. 
Voc Supply voltage 
Vss Supply voltage ed 

“H” input voltage, POQo~PO07, Plp~P17, P29~P27, 
Vin p | g 0 7, Flo 7 Fedo 7 0. 8Vec 
P39~P3;, Ro~ R3, CNVss 

Ving “H” input voltage, CNTR, INT 
| 


M50740A-XXXSP 
Vin M50740ASP 


M50741-XXXSP : 
Vv 


IH | 

y, “L” input.voltage, POp~P07, P19~P17, P29~P2;, 
es P39~P37, Ro~R3, CNVss 
L 


Vi “L” input voltage, CNTR, INT 
“L” input voltage, RESET 
“L" input voltage, Xin 


“L” peak output current, POg~PO07, Pto~P1z, ne 
OL( peak) P2)>~P2, 


“L” average output current, POg~P07, P1p~P17, 
: 0 


lou(peak)| “H” peak output current, P39~P37 
“H” average output current, P89~P37__ 
Internal clock oscillating freqency 


Note 3 : High-level input voltage of up to +12V may be applied to permissible for ports PO, P1, P2, 
CNTR, and INT 
4 : The total of low-level peak output current should be 60mA max. for ports PO and P2 
The total of low-level peak output current should be 30mA max. for port P1 
The total of low-level peak output current should be 80mA max. for port P3 











iS 
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ELECTRICAL CHARACTERISTICS (Vco=8v, Vec=0V, fq) =4MH2, unless otherwise noted) 


. Parameter Test conditions 


Ta =25C 
lon =—10mA 
Ta =25C 
2 =—2.5mA 


“H" output voltage, P39 ~ P37 





“H” output voltage, ¢, R/W, CE, RESETout 





“L” output voltage, i ~ P0;, Plo~ Ply P29 ~ P27 
~ R3, CNTR 


“L” output voltage, ¢, R/W, CE, RESETour 


=Ve= nes CNTR, INT : 


Input leak current, POo~PO7, Plo~P17, P29~P27 

INT, CNTR rd <= V, S 12V, without port option 
Input leak current, P39 ~ P37, Ro ~ Rs, Tg =25C 

CNVss, RESET, Xin 0 < V, <5V, without port option 


: Ta =25°C 
“L” input current, POgo~P07, Pip ~P17, P29~P27 ; 
. V, = OV, with port option 


Tg =25°C 
V, = 5V, with port option 














“H” input current, P39~ P37 





RAM retention voltage Stop mode 


f(xjy) =4MHz 
P-channel open 
Square wave 


drain input/output to 
aie mode 
Supply current Vcc, output termin- =95'C 








als are opened, 
= mode 


Ta =70C 





others to Vss 





TIMING REQUIREMENTS 
Single-chip more (Vec=5V110%, Vss=OV, Ta=25°, f (x,.)=4MHz, unless otherwise noted) 


Sobel p ‘ fs > —- Limite: = = 4 
mbdo arameter 
: a x 


tsu(p3sp—¢) Port P3 au chiles time 
inenao) [Pot Rinputhodtime 


External clock input pulse width 
External clock rising edge time Rs 


- Unit 


= 


Nh 


=) =) 
7) ” 


3 
7) 





=) 
7) 





NO 











or | 
~ (8 





nN 
oO 


External clock falling edge time 
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Memory expanding mode and eva-chip. mode : ee 
(Vec=5V110%, Vss=0V, Ta=25°, f (x,,)=4MHz, unless otherwise noted) 


| tauiooog) [Pot POmptetping oe 
rr 7 
¢) 










RDY input setup time 150 
Port P2 input setup time 77a ene es ee | 






Port PO input hold time | =a 
Port P1 input hold time | —_ -$4——}—-} 


Port P2 input hold time . 













Min. Max. 


teucanow [AB¥inpw souptme —SCS~C~C~“S*SC“S*S*SC“‘“~“~<“<CSCSt SO 

teucran—«) | PortP2 input soup time ———SSSCSCS~CS~—SCSCSCS~CSCS~SSSSSSS as 
thes-nov) | ADYinputhoistime —_—=SSSCSSCSCSCSCSCSCSSCSCSSCSS 
thera) | Part Pe inputtoid ined 


¢ 


SWITCHING CHARACTERISTICS 


Single-chip MOdE (Vcc=5V+10%, Vss=OV, Ta=25C, f (xy) =4MHz, unless otherwise noted) 


| 
Symbol Parameter Test conditions 
| smo | armor | estcontons a A 


| | 
l ns . 











| 230 
 tace-raay | Port PS data outputdelaytime——SSSSSCS~<—~‘“—~*~*sSC~‘“‘éaQBSSCSC*‘“‘CNSC#OW#‘“*Y;'~SO*C*~‘“‘“s;=COO 
Port R address output delay time 
Port R address output delay time 
Port R data output delay time 


td(¢-rRw) R/W output delay time | 




































Memory expanding mode. and eva-chip mode 
. | (Vege =5V#10%, Vgg=0V, Ta=25C, f (x;y) =4MHz, unless otherwise noted) | 


Port PO address output delay time fF 
Port PO address output delay time 7 nae 
Port PO data output delay time _ 








Port P1 address and control signal delay time . | | 250 | ons 


td(¢-p2aQ) Port P2 data output delay time 


td( ¢-P2aF) 











Port P2 data output delay time 
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Microprocessor MOde (Vec=5V+10%, Vss=OV, Ta=25C, f (xjy)=4MHz, unless otherwise noted) 


Symbol Parameter Test conditions - Ea cl eee it Maat 
in. 


Port PO address output delay time 




















Fig.17 Ports PO~P2, R test circuit Fig.18 Port P3 test circuit Fig.19 CE and R/W test circuit 
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TIMING DIAGRAMS 


- ‘In single-chip mode 


Port PO output 


am) 










Port PO input 
h(¢ --POD) 
tsu(PID ¢) 
Port P1 input 
ae mee 
tsu(P2D — ¢) 
Port P2 input 
h(¢ —P2D) 
tsu(P3D -¢) 
Port P3 input 





- th(¢—P3D) 
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In single-chip mode (continued from the preceding page) 


Port R output 


Port R input 


R/W 


foxy) 


4 


a 3 
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In memory expanding mode and eva-chip mode 


Port PO output 


Port PO input 


* Port P1 output 


Port P1 input 


RDY input 


Port P2 output 


Port P2 input 











td(¢ —POAF) , td(¢—POOF) 


td(¢ —P00) 


tsu(POD — ¢) 


th(¢ —PO0D) 






tdi¢—P1A) td(¢ —PIAF) td(¢ —P10F) 


td(¢—P10) 


Tsu(P1D —¢) 


-th(g—PiD) . 





td(¢ -P20) td(¢—P20F) 


tsu(P2D — ¢) 


th(¢ —P2D) 
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In microprocessor mode 







td(¢—PO0A) | 


Port PO output 


Port P1 output 


tsu(RDY — ¢) 
-RDY input 


th(g¢—RDY) . 





td(¢ —P20) td(¢ —P20F) 
tsu(P2D — ¢) 
Port P2 input 
th(y —P2D) 





MITSUBISHI - ae 
ELECTRIC | | 


MITSUBISHI MICROCOMPUTERS 


-MS0742-XXXSP/FP 

















DESCRIPTION | 7 

~. The M50742-XXXSP and the M50708-XXXSP are single- 
chip microcomputers designed with CMOS silicon gate 
technology. Both are housed in a 64-pin shrink plastic 
molded DIP (flat package type also available). These sing- 
le-chip microcomputers are useful for business equipment 
and other consumer applications. . 


In addition to their simple instruction sets, the ROM, RAM, 


and |/O addresses are placed on the same memory map to 
enable easy programming. 

The differences between the M50742-XXXSP and the 
M50708-XXXSP are noted below. The following explana- 
tions apply to the M50742-XXXSP. Specification variations 
for other chips are noted accordingly. 


| typename | ROM Size 
M50742-XXXSP 4096bytes 
M50708-XXXSP 6144bytes 


The differences between the M50742-XXXSP and the 











M50742-XXXFP are the package outline and power dis-— 


sipation ability (absolute maximum ratings). 


DISTINCTIVE FEATURES 


6144bytes (M50708-XXXSP) 


RAM ceccesccccctec cscs set ce teeseeeesecsaes 128bytes 


@ Instruction execution time 
sepa 2us (minimum instructions at 4MHz frequency) 
@ Single power supply f(Xiy)=4MHz- eee 5V+10% 
Power dissipation — | 
normal operation mode (at 4MHz frequency) 
atdebe nea ndves pes enae ase ebeNeai ete 145mW (Voc=5V, Typ.) 


@® Subroutine nesting sishicdie o'er’ tals ewere oe Wiwise-eoewves 64 levels (Max.) 

e Interrupt: tener eeccarenene Paiencenanoe 7 types, 5 vecters 

@ 8-bit timers +++3 (2 when used as serial I/O) . 

@ Programmable I/O (Ports PO, P1, P2, P3, P4) «rr 40 

) Input port (Port P5) crerrcc tree eee eeeereeereeneees eerererer errr Trey 8 

® Output port (Port P6) ee TIERE Tete eee eT eee er ee ee ee 8 
-@ Serial 1/0(8-bit) wag Orbe eles ereie'oibr4 ae oldie love: die glare! oe wielb: Wels ieislealee-bib aeSune eal | 
APPLICATION 


Office automation equipment 
VCR, Tuner, Audio-visual equipment 


SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 


M50708-XXXSP/FP 





PIN CONFIGURATION (TOP VIEW) 





p 1/O port P4 
Output port P6 





1/O port PO 





. P 
I/O port P2 









P3,/Srpy + 

P3,/CLK +> 

P35/Sour ** 

I/O port P34/Sin + 

P3 P33/CNTR + 

- P3p/INT> + 

| P3, +> 

P35 - 

INT, —_ 
CNVss 

' Reset input RESET > 

Clock input Xin > 


dSXXX-80Z0SW 
JO 
dSXXX-cVZOSW 








1/O port P1 





Interrupt input 





Input port P5 


Clock output Xour 


Timing output p- 






M50742-XXXFP_ 
or 
M50708-XXXFP 






NTR + [5] 









P37/Srpy + |S}: 

P36/CLK + |e}. © 

P35/Sout > =| 
P34/Sin +> la] 


P33/C 





Outline 72P6 NC : No connection 
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M50742-XXXSP BLOCK DIAGRAM 





Clock Clock Timing ~ Interrupt 
input output output © input Reset input aes a (OV) 
Xin Xout pd INT) - RESET CNVss 


an a a —g—-—-- —— 


Clock generating circuit || \ I] 


Processor 




















stat Program Program 
baoietat counter counter | 
PS (8) PCy (8) PC, (8) register (8 


PRE12 (8) Instruction 
decoder 


> Control 
Prescaler signal 


PREX (8) 






88-bit 
arithmetic 








RAM ROM 














index index 















ane Accumulator 128 bytes reaisiet Peaster 4096 bytes ” 
logical unit A(8) X (8) Y (8) - (Note 1) - 
r 
” 
= 
—— Uv 
. 
7m w = = 
ar ; 
SI/O (8 
| sve) 20 OO 
ia | ee 2 ux 
eae * Bh 
mr —s ae | Esse 
na | |B x 
FE EE a | (8 ae 
DOSOVOOS) (18K IK 20K 2122) band WOBOCOOD GOOQVOGIO A950 KEINE2K EI EAEEXEE) = 3 "ey "0 
Output port P6 Input port P5 1/O port P4 VO port P3 port P3 1/O port 70 port P2 VO portP1 port P1 70 port PO - port PO - = 7 77 
“Note 1 : 6144 bytes for M50708-XXXSP 5 a | | 
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FUNCTIONS OF M50742-XXXSP 


Number of basic instructions | 69 | ; . 
Instruction execution time , 2us (minimum instructions, at 4MHz frequency : . 


















128bytes 
Input 1-bitX1 


Input/output port 


Serial I/O 8-bitX1 
8-bit prescalerX2+8-bit timerX3 (8-bit timerX2 when serial I/O is used) 


. FROM —“(‘s™s™sSCSCSCSCSC*C*d« OS te’s (6144S for M5O708-XXXSP) 
Memary size 


) 
PO, P1, P2, P3, P4 8-bitX5 (part of P3 are in common with serial I/O) 


64 levels (max.) 


Two external interrupts (1 of external interrupt is in common with port P32) 
Three timer interrupts (or timerX2, serial |/OX1) ° 


Clock generating circuit Built-in (ceramic or quartz crystal oscillator) 





_ Interrupts 






Supply voltage 5V+10% 
Power dissipation At high-speed mode 15mW (at 4MHz frequency) : 
_ Input/output voltage 9V (Ports PO, P1, P2, P3, P4, P5, P6, INT;) 
Input/output characteristics 
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PIN DESCRIPTION 


Input/ 
Name 
Output 


Voc Supply voltage 








Functions 










Power supply inputs 5V+10% to Vcc, and OV to Vss. 


RESET Reset input 


Xin Clock input 
Timing output This is the timing output pin. 


CNTR Timer I/O 


Interrupt input 


PO g~PO7 | I/O port PO 


1o~P17 | I/O port P1 Pa 


To enter the reset state, the reset input pin must be kept at a “L” for more than 2us (under normal Vcc 
conditions) .{f more time is needed for the crystal oscillator to stabilize, this “L” condition should be main- 
tained for the required time. | 



















This chip has an internal clock generating circuit. To control generating frequency, an external ceramic or a 
quartz crystal oscillator is connected between the Xin and Xour pins. If an external clock is used, the clock 
source should be connected the Xin pin and the Xour pin should be left open. 





This is an I/O pin for the timer X. 
















This is the highest order interrupt input pin. 










Port PO is an 8-bit !/O port with directional registers allowing each I/O bit to be individually programmed as }. 
input or output. At reset, this port is set to input mode. 
The output structure is N-channel open drain. 


Port P1 is an 8-bit |/O port and has basically the same functions as port PO. 


Port P2 is an 8-bit I/O port and has basically the same functions as port PO. 


20™~P2;7 | I/O port P2 


Ore I/O port P3 
. ‘i ; = 


= Input port P5S Port P5 is an 8-bit input port. 
Output port P6 cy Port P6 is an 8-bit output port. The output structure is N-channel open drain. 


Port P3 is an 8-bit 1/O port and has basically the same functions as port PO. When serial I/O is used, P37, 
P35, P35, and P34 work aS Sarpy, CLK, Sout, and Sin pins, respectively. 
Also P33 and P32 work as CNTR pin and the lowest order interrupt input pin (INT2) , respectively. 





Port P4 is an 8-bit I/O port and has basically the same functions as port PO, but the output structure is P- 
channel open drain. 
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BASIC FUNCTION BLOCKS 


MEMORY a 
~ A memory map for the M50742-XXXSP is shown in Figure 


1. Addresses F000,, to FFFF,, are assigned to the built-in 


ROM area which consists of 4096 bytes. 
Addresses E800,;, to FFFFi, are the ROM address area 
assigned to the M50708-XXXSP. . 


Addresses FFO0,, to FFFFig are a special address area 


(special page). By using the special page addressing 
mode of the JSR instruction, subroutines addressed on this 


RAM 
(128 bytes) 
Zero page 5 


Not used 


ROM 
(6144 bytes) 
for 

M50708 
-XXXSP 


ROM 
(4096 bytes) 
for. 
M50742-XXXSP 


Special 
page for 
subroutine 

Call 


' Address L 
Address H 
Address L 

___Address H 
. Address L 
Address H 


Address L 
Address H_.- 


Fig.1 Memory map 


page can be called with only 2 bytes. Addreeses FFF4,¢ to 
FFFF,, are vector addresses used for the reset and inter- 
rupts (see interrupt chapter). Addresses 00001, to OOF F 46. - 
are the zero page address area. By using the zero page 
addressing mode, this area can also be accessed with 2 
bytes. The use of these addressing methods will greatly re- 
duce the object size required. The RAM, !/O port, timer, 
etc., are assigned to this area. 
Addresses 0000;, to 007Fig are assigned to the built-in 
RAM and consist of 128 bytes of static RAM. In addition to 
data storage, this RAM is used for the stack during sub- 
routine calls and interrupts. 


~ Decimal 


Address H 
Address H 





“ Q0E0:. 
00E1 46 
00E2;¢ 
00E3;¢ 
00E4,, 
O0E5i¢ 
00E6,, 
00E7i¢ 
00E8 16 
00E94¢ 
OOEAi. 
O0EBi, 
O0EC i. 
00ED:, 
OOEE;, 
OOEF 1. 
00F0;, 
00F 116 
00F 24, 
00F3,¢ 
00F 44, 
00F5;¢ 
00F6,, 
00F7 16 
00F8,, 
00F9,. 
OOFAi, 
00FB,¢ 
00FC, 

: OOFD i, 

\ O0FEs6 

: OOFF 4, 


Port PO 


directiona 
Port PO register _- 


Port P1 


directiona 
Port P1 register 


Port P2 


directional 
register 


Port P2 


Port P3 


directional 
Port P3 register 


Port P4 


directional 
Port P4 register 


Port P5 


Port P6 


: mod 
Serial 1/O register 


Serial I/O register 


Timer 1, 2 prescaler 
INT. \ Timer 1 
S I/O or Timer 2 Timer 2 
Timer 1 \ Timer X prescaler 


Timer X Timer X 
INT, Interrupt control register 


RESET 


’ Timer control register 
65535 " 
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CENTRAL PROCESSING UNIT (CPU) 


The CPU consists of.6 registers and is shown in Figure 2. 


ACCUMULATOR (A) 


The 8-bit accumulator (A) is the main register of the micro- 
computer. Data operations such as data transfer, Input/Out- 
put, etc., are executed mainly through accumulator. 


Accumulator 
Index register X 
index register Y 
Stack pointer 


Program counter 





Fig.2 Register structure 


INDEX REGISTER X (X) 


The index register X is an 8-bit register. © | 
In the index addressing mode, the value of the OPERAND 
added to the contents of the register X, specifies the real 
address. When the T flag in the processor status register is 
set to “1”, the index register X itself becomes the address 
for the second OPERAND. — 


INDEX REGISTER Y (Y) 

The index register Y is an 8-bit register. 

In the index addressing mode, the value of the OPERAND 
added to the contents of the register Y specifies the real 
address. 


7 0 7 


Carry flag 

Zero flag 
Interrupt disable. flag 
Decimal mode flag 
Break flag 
Index X mode flag 


Overflow flag 


Negative flag 
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STACK POINTER (S) | 
The stack pointer (S) is an,8-bit register that contains the 
address of the next location in the stack. It is mainly used 
during interrupts and subroutine calls. The stack pointer is 
not automatically initialized after reset and should be initial- 
ized by the program using the TXS instruction. — 
The location of the stack can be determined by the stack 
page bit (bit 4 at address OOFF;,). When bit 4 is “0” and 
the contents of the stack pointer is XX1.6, the stack address 
is set to OOXXi¢. When bit 4 is “1”, the stack address is set 
to 01XXig. When using this microcomputer in the single- 
chip mode, the stack page bit must be “0” and the stack 
pointer should be set at the bottom address of the internal 
RAM. | . . 
‘When an interrupt occurs, the higher 8 bits of the program 
counter are pushed into the stack first, and then the lower 8 
bits of the program counter are pushed into the stack. After 
each byte is pushed into the stack, the stack pointer is de- 
cremented by one. Next, the contents of the processor sta- 
. tus register are pushed into the stack. When the return from 
interrupt instruction (RTI) is executed, the program counter 
are processor status register data is pulled off the stack in 
reverse order from above. ; 
The Accumulator is never pushed into the stack automati- 
Cally. A Push Accumulator instruction (PHA) is provided to 
execute this function. Restoring the Accumulator to its pre- 
vious value is accomplished by the Pull Accumulator in- 
struction (PLA). It is executed in reverse order of the PHA 
instruction. | | | ; 
The contents of the Processor Status Register (PS) are 
pushed (pulled) to (from) the stack with the PHP and PLP 
instructions, respectively. Only the program counter is 
pushed into the stack during a subroutine call. Therefore, 
any registers that should not be destroyed should be 
pushed into the stack manually. The RTS instruction is 
used to return from a subroutine. 


PROGRAM COUNTER (PC) 

The 16-bit program counter consists of two 8-bit registers 
PCy and PC,. The program counter is used to indicate the 
address of the next instruction to be executed. - 


PROCESSOR STATUS REGISTER (PS) 

The processor status register is composed entirely of flags 
used to indicate the condition of the processor immediately 
after an operation. Branch operations can be performed by 
testing the Carry flag (C), Zero flag (Z), Overflow flag (V) 
or the Negative flag (N). Each bit of the register is ex- 
plained below. 


1. Carry flag (C) 

The carry flag contains the carry or borrow generated by 
the Arithmetic and Logical operation Unit (ALU) im- 
mediately after an operation. It also changed by the shift 
and rotate instructions. The set carry (SEC) and clear carry 
(CLC) instructions allow direct access for setting and 
clearing this flag. 


2. Zero flag (Z) | 
This flag is used to indicate if the immediate operation | 
generated a zero result or not. If the result is zero, the zero 
flag will be set to “1”. If the result is not zero, the zero flag 
will be set to “0”. | 


3. Interrupt disable flag (1) 

This flag is used to disable all interrupts. This is accom- . 
plished by setting the flag to “1”. When an interrupt, this 
flag is automatically set to “1” to prevent other interrupts 
from interfering until the current interrupt is completed. The 
SEI and CLI instructions are used to set and clear this flag, 
respectively. | 


4. Decimal mode flag (D) - 

The decimal mode flag is used to define whether addition 
and subtraction are executed in binary or decimal. If the 
decimal mode flag is set to “1”, the operations are ex-: 
ecuted in decimal, if the flag is set to “0”, the operations 
are executed in binary. Decimal correction is automatically - 
executed. The SED and CLD instructions are used to set _ 
and clear this flag, respectively. 


5. Break flag (B) 

When the BRK instruction is executed, the same operations » 
are performed as in an interrupt. The address of the inter- 
rupt vector of the BRK instruction is the same as that of the 
lowest priority interrupt. The contents of the B flag can be 
checked to determine which condition caused the interrupt. 
If the BRK instruction caused the interrupt, the break flag 


will be “{”” otherwise it will be “0”. 


6. Index X mode flag (T) 


- When the T flag is “1”, operations between memories are 
_ executed directly without passing through the accumulator. 


Operations between memories involving the accumulator 
are executed when the T flag is “O” (i.e., operation results 
between memories 1 and 2 are stored in the accumulator). 
The address of memory 1 is specified by the contents of 
the index register X, and that of memory 2 is specified by 
the normal addressing mode. The SET and CLT instructions 
are used to set and clear the index X mode flag, respec- 
tively. 
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7. Overflow flag (V) 

The overflow flag functions when one byte is added or sub- 
tracted as a signed binary number. When the result ex- 
ceeds +127 or —128, the overflow flag is set to “1”. When 
the BIT instruction is executed, bit 6 of the memory location 
is input to the overflow flag. The overflow flag is reset by 
the CLV instruction and there is no set instruction. 


8. Negative flag (N) 

The negative flag is set whenever the result of a data trans- 
fer or operation is negative (bit 7 is set to “1”). Whenever 
the BIT instruction is executed, bit 7 of the memory location 
is input to the negative flag. There are no instructions for 
directly setting or resetting the negative flag. . 


Table 1 Interrupt vector address and priority 


Interrupt Priority 
Timert | 4 | FFF9%6, FFF8:10 























Interrupt 
request 


Fig.3 Interrupt control 


INTERRUPT , 
The M50742-XXXSP can be interrupted from seven souces; 
INT,, timer X, timer 1, timer 2/serial I/O, or INT./BRK in- 
struction. 

However, the INT» pin is used with port P83, and the corres- 
ponding directional register bit should be set to “O” when 
P3. is used as an interrupt input pin. 

The value of bit 2 of the serial I/O mode register (address 
OOF6,,) determine whether the interrupt is from timer 2 or 
from serial 1/O. When bit 2 is “O” the interrupt is from timer 
3, and when bit 2 is “1” the interrupt is from serial |/O: Also, 
when the bit 2 is “1”, parts of port P3 are used for serial |/ 
O. These interrupts are vectored and their priorities are 
shown in Table 1. Reset is included in this table since it 
has the same functions as the interrupts. - 
When an interrupt is accepted, the contents of certain reg- 
isters are pushed into specified locations, (as discussed in 
the stack pointer section) the interrupt disable flag | is set, 
the program jumps to the address specified by the interrupt 
vector, and the interrupt request bit is cleared automatical- 
ly. The reset interrupt is the highest priority interrupt and 
can never be inhibited. Except for the reset interrupt, all in- 
terrupt are inhibited when the interrupt disable flag is set to 
“4”. All of the other interrupts can further be controlled indi- 
vidually via the interrupt control register shown in Figure 3. 
An interrupt is accepted when the interrupt enable bit and 


Interrupt control register (Address OOFE,6) | 

Bit 7: INT, pin interrupt request bit 

Bit 6: INT, pin interrupt enable bit 

Bit 5 : Timer 1 jntetrupt request bit 

Bit 4: Timer 1 interrupt enable bit 

Bit 3 : Timer 2 interrupt or serial !/O interrupt request bit 
Bit 2 : Timer 2 interrupt or serial I/O interrupt enable bit 
Bit 1 : INT. pin interrupt request bit 

Bit 0 : INT» pin interrupt enable bit 


Timer control register (Address O0FFig) 
Bit 7 - Timer X interrupt request bit 
Bit 6 : Timer X interrupt enable bit 
Bit 5. Timer X count stop bit . 
Bit 4 : Stack page bit 
Bit 3: 

a | Timer X mode bit 
Bit 2° 
‘Bit 1: 
Bit 0: 


Processor mode bit 
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the interrupt request bit are both “1” and the interrupt dis- 

able flag is “0”. | 

The interrupt request bits are set when the following condi- 

tions occur: 

(1) When the INT, or INT2 pins go from “H” to oD 

(2) When the contents of timer X, timer 1, timer 2 (or the 
serial 1/O counter) goto“0” 

These request bits can be reset by the program but can not 

be set by the program. However, the interrupt enable bit 

can be set and reset by the program. 

Since the BRK instruction and the INT> interrupt have the 

_ same vectored address, the contents of the B flag must be 

checked to determine if the BRK instruction caused the in- 

terrupt or if INT» generated the interrupt. | 





Data bus 


executed, this circuit is “TF latch (8 a; Timer X latch (8) latch (8 ial 
©) 





Oscillator Divider ; - When STP instruction is 


; 1/16 
(Xin) 116 Timer mode 


Pulse width measurement 


ee mode 


connected 


Y\. coercively. - 










TIMER 

The M50742-XXXSP has three timers; timer X, timer 1, and 
timer 2. Since P3 (in serial 1/O mode) and timer 2 use 
some of the same architecture, they cannot be used at the 
same time (see serial I/O section). Timer X has four modes 
which can be selected by bit 2 and 3 of the timer control 
register. When the timer X count stop bit (bit 5) is set to 
“1”, the timer X will stop regardless of which mode it is in. _ 
A block diagram of timer X, timer 1 and timer 2 is shown in. 
Figure 4. 

The P33/CNTR pin cannot be used as CNTR when P33 is 
being used in the normal I/O mode. 

Timer 1 and timer 2 share with a prescaler. This prescaler 
has an 8-bit programmable latch used as a frequency di- 













P3,/CNTR 7 ie to timer X interrupt 
Event counter mode EF request bit 
S : eel 
Pulse output mode 2 Timer X count stop bit Reset,. 
y (Bit 5 of address OOFFi¢) STP 
instruction 
<j Toggle flip-flop 
' .Databus. 7 ae es 
Prescaler latch (8) ~ | Timer 1 latch (8) = Timer 2 latch (8) | 
Timer 118) to timer 1. 
Prescaler (8) |. Timer 1(8) 1 ( interrupt Timer 2 (8) 
’ request 
bit 
to timer 2 or 
serial |/O 
interrupt 
Transfer clock i> request bit 
| 7 mn 
P3,/CLK Serial 1/O counter (3) 





Ea 
Poe tk Serial 1/O mode register (Address O00F6,.) 
3 0 


.Fig.4 Block diagram of timer X, timer 1. and timer 2 
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vider. The division ratio is defined as 1/(n+1), where n is 
the decimal contents of the prescaler latch. All three timers 


are down-count timers which are reloaded from the timer 
latch following the zero cycle of the timer (i.e. the cycle af- 
ter the timer counts to zero). | 
The timer interrupt request bit is set to “1” during the next 
clock pulse after the timer reaches zero. The interrupt and 
timer control registers are located at addresses OOFE;, and 
OOFF,.¢, respectively (see interrupt section). The prescaler 
latch and timer latch can be loaded with any number ex- 
cept zero. 
The four modes of timer X as follows: 
(1) Timer mode (00) 
In this mode the clock is driven by the oscillator fre- 
quency divided by 16. When the timer down-counts to 
zero, the timer interrupt request bit is set to “1” and 
the contents of the timer’s latch is reloaded into the 
timer and the counting begins again. | 
(2) Pulse output mode (01) 
In this mode, the polarity of the CNTR signal is re- 
versed each time the timer down-counts to zero. 
(3) Event counter mode (10) 
This mode operates in the same manner as the timer 
mode except, the clock source is input to the CNTR 
pin. This mode will allow an interrupt to be generated 


whenever a specified number of external events have 


been generated. The timer down-counts every rising 
edge of the clock sourse. | | 

(4) Pulse width measurement mode (11) 
This mode measures the pulse width (between lows) 
input to the CNTR pin. The timer, driven by the oscilla- 
tor frequency divided by 16, continues counting during 


the low cycle of the CNTR pin. When the timer con-. 


tents reaches “0”, the interrupt request bitis setto“1”, 

the timer’s reload latch is reloaded and the counting 

resumes. 

The structure of the timer control register is shown in 

Figure 5. . 

When the STP instruction is executed, or after reset, 

the prescaler and timer latch are set to FF;, and 0146, 

respectively. Also, when the STP instruction is ex- 
- ecuted, the oscillator’s frequency (divided by 16) will 


become the counting source, regardless of the timer X 


mode setting. This state will be released when the tim- 
er X interrupt request bit is set to “1”, or after a reset. 
Timer X will then enter the mode specified by its mode 
bits. For more details on the STP instruction, refer to 
the oscillation circuit section. 
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Timer control register (Address OOFF\g) 


7 0 
TriTittt 


Processor mode bit 

00 : Single-chip mode 

01: Memory expanding mode 
10 : Microprocessor mode 
11: Eva-chip mode 


Timer X mode bit 
00 : Timer mode 
01 : Pulse output mode 
10 : Event counter mode 
11: Pulse width measurement mode 


Stack page bit 
0:0 page 
‘1:1 page 


Timer X count stop bit 
O : Count start 
1 - Count stop 


Timer X interrupt enable bit 
O : Interrupt disable 
1 : Interrupt enable 


Timer X interrupt request bit 
0 : No interrupt request 
1 : With interrupt request 





Fig.5 Structure of timer control register 


MITSUBISHI MICROCOMPUTERS 


MS0742-XXXSP/FP 
MS0708-XXXSP/FP 


SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 





SERIAL 1/O | 
A block diagram of the serial |/O is shown in Figure 6. 

In the serial 1/O mode the receive raady signal (Srpy), syn- 
chronous input/output clock (CLK), and the serial I/O pins 
(Sour, Sin) are used as P3;, P3., P35, and P3,, respectively. 


The serial 1/O mode register (address O0F6,,) is 4-bit reg- | 


ister. Bits 1 and 0 of this register is used to select a syn- 
chronous clock source. | 
When these bits are (00) or (01), an external clock from 
P38, is selected. When these bits are (10), the overflow sig- 
nal from timer 2, divided by two, becomes the synchronous 


clock. Therefore, changing the timer period will change the ~ 


transfer speed. When the bits are (11], oscillator frequency 
divided by 16, becomes the clock. 

Bit 2 and 3 decide whether parts of P3 will be used as a 
serial [/O or not. When bit 2 is a “1”, P38. becomes an 1/O 


Oscillator Divider 


Xin @ 1/16 


Srapy ; . from Timer 1,2 
prescaler 


Divider — 
1/2 


pin of the synchronous clock. When an internal synchronous 
clock is selected, the clock is output from P3¢. lf an exter- 
nal synchronous clock is selected, the clock is input to P3¢ 
and P3s will be a serial output and P3, will be a serial in- 
put. To use P3, as a serial input, set the directional register 
bit which corresponds to P38, to “0”. For more information on 
the directional register, refer to the 1/O pin section. 

To use the serial I/O, bit 2 needs to be set to “1”, if it is “0” 
P38, will function as a normal |/O. Interrupts will be gener- 


ated from the serial I/O counter instead of timer 2. Bit 3 


determines if P37 is used as an output pin for the receive 


data ready signal (Bit 3=1, Sapy) or used as normal I/O pin 


(Bit 3=0). The serial I/O function is discussed below. The 
function of the serial I/O differs depending on the Glock 
source; external clock or internal clock. 


(Address OOFB,,) 


to timer 2 or serial I/O 
> interrupt request bit 


ae We ele va Serial |1/O mode register (Address 00F6,.) 


Fig.6 Block diagram of serial I/O 





Synchronous clock selection bit 
00: 
01: 


External clock 


10 : Timer 2 divided by 2 
11 : Frequency divided by 16_ 
Serial |/O port selection bit (P35, P3,) 
0 : Normal I/O port 
1 : Serial !/O port | 
Six signal output selection bit (P3,) 
0 : Nomal I/O port 


1 *: Srpy signal output pin 


MITSUBISHI 


ELECTRIC | 


MITSUBISHI MICROCOMPUTERS 


MS0742-XXXSP/FP 
M5S0708-XXXSP/FP 


SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 





Internal Clock—The Sarpy signal becomes “H” during trans- 
mission or while dummy data is stored in ‘the serial I/O reg- 
ister (address OOF7,,). After the falling edge of the write 
signal, the Sarpy signal becomes low signaling that the 
M50742-XXXSP is ready to receive the external serial data. 
The Sapy signal goes “H” at the next falling edge of the 
transfer clock. The serial I/O counter is set to 7 when data 
is stored in the serial I/O register. At each falling edge of 
the transfer clock, serial data is output to P35. During the 
rising edge of this clock, data can be input from P3, and 
the data in the serial I/O register will be shifted 1 bit. 

Data is output starting with the LSB. After the transfer clock 
has counted 8 times, the serial I/O register will be empty 
and the transfer clock will remain at a high level. At this 
time the interrpt request bit will be set. 





Synchronous clock 


Transfer clock 


External Clock—lIf an external clock is used, the interrupt 
request will be sent after the transfer clock has counted 8 
times but transfer clock will not stop.. 

Due to this reason, the external clock must be controlled 
from the outside. The external clock should not exceed 
250kHz at a duty cycle of 50%. The timing diagram is 
shown in Figure 7. An example of communication between 
two M50742-XXXSPs is shown in Figur 8. | 


eT E Mecie she ea Wed ead Isiah el hel | 


2 LALLA 


Serial 1/O register 

write signal 

Serial |/O output 
Sour 

Serial !/O input 


(o Yo, Yos Xo You Yo Yo Xo, 


Sp eS OS OS Ga) as ee a) Gee Cr 


Receivable signal 





Fig.7 Serial 1/O timing 


Sending side 


Serial 1/O mode register 


bit 3 bit 0 


Set the directional 
register for P37 pin 
in input mode. 


Synchronous clock 


: Sarpy L_ | 


[ 


Interrupt request bit set 


Receiving side 


Serial |/O mode register 


bit 3 bit 0 


EERE 


Set the directional 
register for P3, pin 
in input mode. 


' Serial data © 


Fig.8 Example of serial 1/O connection 
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RESET CIRCUIT | 

The M50742-XXXSP is reset according to the sequence 
shown in Figure 9. It starts the program from the address 
formed by using the content of address FFFF,, as the high 
. order address and the content of the address FFFF,, as the 
low order address, when the RESET pin is held at “L” level 
for more than 2us while the power voltage is in the recom- 





RESET 


SYNC 


Address 


8~12 clock cycles . 


Fig.9 Timing diagram at reset 


Address 
(1) Port PO directional register 
(2) Port P1 directional register 
(3) Port P2 directional register 
(4) Port P3 directional register 


(5) Port P4 directional register 
(6) Port P6 (Note 1) . oe F Fic 


— (8) Prescaler X : wee Fb 


(7) Serial |/O mode register 


(9) Timer X | = 01s 
(10) Interrupt control register a 00. 
(11) Timer control register 


(12) Interrupt disable flag on 
processor status register. 


: : , ; 7 7 7 . 
e . . e . e . 
i. e e e . . e e 


pes le 





mended operating condition and the crystal oscillator 
oscillation is stable and then returned to “H” level. The in- 
ternal initializations following reset are shown in Figure 10. 
An example of the reset circuit is shown in Figure 11. | 
When the power on reset is used, the RESET pin must be 
held “L” until the oscillation of Xin-Xour becomes stable. 


2X2 LK 0S X00.S-1K00,S-2KF FFEKFFF EX LOW AD) 
X 2K 2X 2X2 XK 2 KAKA) 


Reset address from the 
vector table 


Note 1: Frequency relation of f(Xiy) and ¢is (Xin) =4°¢ 
2: The mark “?” means that the address is changeable 


depending on the previous state. 


Power on 


M50742-XXXSP 
RESET 


M50742-XXXSP 


RESET Voc 
Supply voltage 


detection circuit 








(13) Program counter ( (PCy) | saree ere 
Fig.11 Example of reset circuit 
Note 1 : Port P6 is the high-impedance state during reset. | 
After return from reset, it is “FFy,”. | 
Fig.10 Internal state of microcomputer at reset 
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/O PORTS | (8) Clock ¢ output pin 

(1) Port PO ‘In normal conditions, the oscillator frequency divided 
Port PO is an 8-bit 1/O port with N-channel open drain by four is output as ¢. 
output. (9) INT, pins 
Pull-up transistor can be specified as an eplign As The INT; pin is an interrupt input pin. The INT, inter- 
shown in the memory map (Figure 1), port PO can be rupt request bit (bit 7 at address OOFE,,) is set to “1” 
accessed at zero page memory address OOEOj;.. Port when the input level of this pin changes from “H” to 
PO has a directional register (address 00E1,¢) which i es 
can be used to program each individual bit as input (10) INT. pin (P3./INT> pin) 
(“0”) or as output (“1”). If the pins are programmed as The INT» pin is an interrupt input pin used with P3.. To 
output, the output data is latched to the port register use this pin as an interrupt pin, set the corresponding 
and then output. When data is read from the output port bit in the directional register to input (“0”). When this 
the output pin level is not read, only the latched data in signal level changes from “H” to “L”, the interrupt re- 
the port register is read. This allows a previously output quest bit (bit 1 at address OOFE,,) is set to “1”. 
value to be read correctly even though the output vol- (11) CNTR pin (P33/CNTR pin). 
tage level is shifted up or down. Pins set as input are The P33/CNTR pin is an I/O pin of timer X. To use this 
in the floating state and the signal levels can thus be pin as the timer X input pin, set the corresponding 
read. When data is written into the input port, the data directional register bit to input (“0”). In the event coun- | 
is latched only to the port latch and the pin still remains ter mode, CNTR becomes the input pin of the external 
in the floating state. pulse. In the pulse output mode, the CNTR output 
Depending on the contents of the processor status reg- changes polarity each time the contents of timer X 
ister (bit O and bit 1 at address OOFF,,), four different goes to “0”. In the pulse width measurement mode, the 
modes can be selected; single-chip mode, memory ex- pulse to be measured is input to this pin. | 
panding mode, microprocessor mode and eva-chip 
mode. These modes (excluding single-chip mode) 
have a multiplexed address output function in addition 
to the 1/O function. For more details, see the processor 
mode information. | 

(2) Port P1 
In the single-chip mode, port P1 has the same function 
as PO. In the other modes, P1’s functions are slightly 
different from PQ’s. For more details, see the processor 
mode information. 

(3) Port P2 
In the single-chip mode, port P2 has the same function 
as PO. In the other modes, P2’s functions are slightly 
different from PO's. ; 
For more details, see the processor mode information. 

(4) Port P3 | 
In the single-chip mode, port P3 has the same function 
as PQ. In the other modes, P3’s functions are slightly 
different from POQ’s. Port P3 can also be used as serial 
I/O, INTz and 1/O pins for timer X. For more details, 
see the processor mode AFOrMawont: 

(5) Port P4 
Port P4 is an 8-bit I/O port with P-channel open drain — 
outputs. This port also has the pull-down transistor — 
option. - 

(6) Port P5 
Port Ps is and input port with pull-up transistor epren: 

(7) Port P6 
Port P6 is an output port. It has N-channel open drain 
output with pull-up transistor - Option, See Figure 12 for 
more details. 
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Ports PO, P1, P2, P3 N-channel open drain output 


Data bus 





(Note) P3 is also used as an I/O pin 

of serial 1/O and CNTR, and 
input pin of INT., 
Port P4 















. Directional register 
Pian a aie 
Data bus Port latch 
ee ee Port P4 
Port P5 - 7 Option 
Port P5 
Port P6 N-channel open drain output — 
_ | - mee Option 
l 
L 
Low 
Data bus ~ Port latch 1 i eee 
¢ 


| CMOS output 
| ‘ ae é 


Fig.12 Block diagram of ports PO~P6 (single-chip mode) and output format of ¢ 
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PROCESSOR MODE 

By changing the contents of the processor mode bit (bit 0 
and 1 at address OOFF,,), four different operation modes 
can be selected; single-chip mode, memory expanding 
mode, microprocessor mode and evaluation chip (eva- 
chip) mode. In the memory expanding mode, microp- 
rocessor mode and eva-chip mode, ports PO~P3 can be 
used as multiplexed I/O for address, data and control sig- 
nals, as well as the normal functions of the I/O ports. 

Figure 14 shows the functions of ports PO~P3S. 

The memory map for the single-chip mode is illustrated in 
Figure 1 and for other modes, in Figure 13. 

By connecting CNVss to Vss, all four modes can be 
selected through software by changing the processor mode 
bits. Connecting CNVss to Vcc automatically forces the 
microcomputer into microprocessor mode. Supplying 10V to 
CNVssg places the microcomputer in the eva-chip mode. 
The four different modes are explained as follows: | 


Ports | Ports PO~P2 | 


AN 
a 


Internal 
RAM 


Eva-chip ~ Microprocessor 


Memory expanding 
mode mode mode 


The shaded area is external memory area 
E8001¢ for M50708-XXXSP. 


Fig.13. External memory area in processor mode 


Note 1: 





(1) Single-chip mode [00] 

The microcomputer will automatically be in the single- 
chip mode when started from reset, if CNVss is con- 
nected to Vss. Ports PO~ P3 will work as original 1/O 
ports. | 

(2) Memory expanding mode (01) | 

The microcomputer will be placed in the memory ex- — 
panding mode when CNVsgg is connected to Vsg and 
the processor mode bits are set to “01”. This mode is 
used to add external memory when the interna! mem- 
ory is not sufficient. 
In this mode, port PO and port P1 are as'a system 
address bus and the original I/O pin function is lost. 
Port P2 becomes the data bus of D7~ Dg (including in- 
struction code) and loses its nomal I/O functions. P3, 
of port P3 becomes the input port. Pins P38; and P39 
output the SYNC and R/W control signals, respectively 
when ¢ enters into the “H” state. Port P38. functions as 
an input port during this same transition. 

(3) Microprocessor mode (10) : 

After connecting CNVss to Veco and initiating a reset, 
the microcomputer will automatically default to this 
mode. _— 
In this mode, port PO and P1 are used as the system 
address bus and the original function of the I/O pins is 
lost. Port P2 becomes the databus (Dz~D,) and loses 
its normal I/O functions. Port P3,; and P38, become the 
SYNC and R/W pins, respectively and the formal ve 
functions are lost. 

(4) Eva-chip mode (11] 

When 10V is supplied to CNVsg pin, the microcomputer 
is forced into the eva- chip mode. The main purpose of 
this mode is to evaluate ROM programs prior to mask- 
ing them into the microcomputer's internal ROM. 
In this mode, the internal ROM is inhibited so the ex- 
ternal memory is requierd. | | 
The lower 8 bits of address data for port PO is output 
when ¢goes to “H” state. When @ goes to the “L” 
state, PO retains its original I/O functions. 
Port P1’s higher 8 bits of address data are output when 
¢ goes to “H” state and as it changes back to the “L” 
state it retains its original |/O functions. Port P2 retains 
its original output functions while ¢is at the “H” state, 
and works as a data bus of D7~ Dg (including instruc- 
tion code) while at the “L” state. Pins P3,; and P3, out- 
put the SYNC and R/W control signals, respectively 
while ¢is in the “H” state. When in the “L” state, P32, 
_ P3, and P3p retain their original I/O function. 
The R/W output is used to read/write from/to the out- 
side. When this pin is in the “H” state, the CPU reads 
data, and when in the “L” state, the CPU writes data. 
The SYNC is a synchronous signal which goes to the 
“H” state when it fetches the OP CODE. 
The relationship between the input level of CNVss and 
the processor mode is shown in Table 2. 
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Ports PO07~PQ ) 


x 1/O port 


Port PO 


Port P1 


Ports PO7~P0 Ports P07~P0, 


Ao. (0 port ) | 
ae) 1/O port Address 
A7~Ao P Ar~Ao 


Ports P17~P 15 


X 1/O port 


Ports P27~P2o 


x 1/0 port . 


Ports P37~ P35 


| X 1/0 port | 


Ports P17~Pio 


Address 


Ports P17~P19 


Address 
Ais™As 


Ports P27~P25 


Output Data 
port D7~Do 


” Ports P2;~P2, 


- _ __/ Data 
: Dz~Do = 


Port P2 


Port P3. 


LP 


Ports P3,~P3, 


x I/O port 


Port P35 


Ports P37~P33 
1/O port 


Port P3. 


Input port 


1/O port 


Port P3, 


SYNC YX I/O port 


Port P39 


Port P3, 
SYNC - 


Port P35 


R/W I/O port 





Fig.14 Processor mode and functions of ports PO~P3 


Table 2_ Relationship between CNVsgg pin input level and processor mode 


Explanation 





* Single-chip mode 
* Memory expanding mode 
* Eva-chip mode 


The single-chip mode is set by the reset. 
All modes can be selected by changing the processor mode bit with the program.. 


* Microprocessor mode 








Veco | 


10V Eva-chip mode only. 


*Eva-chip mode. 


Microprocessor 
mode 


Same as 
left 
Same as 
left 


Same as — 
left 





%5 * Eva-chip mode The microprocessor mode is set by the reset. _ ; 
.| © Microprocessor mode Eva-chip mode can be also selected by changing the processor mode bit with the program. 
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CLOCK GENERATING CIRCUIT 

The built-in clock generating circuits are shown in Figure 
17. | 

When the STP instruction is executed, the oscillation of in- 
ternal clock ¢is stopped in the “H” state. 

Also, the prescaler X and timer X are loaded with FF, and 
0115, respectively. The oscillator (dividing by 16) is then 
connected to the prescaler input.. This connection is cleard 
when timer X overflows or the reset is in, as discussed in 
the timer section. 

The oscillator is restarted when an interrupt is accepted. 
However, the internal clock ¢keeps its “H” level until timer 
X overflows. | 

This is because the oscillator needs a set-up period if a 
ceramic or a quartz crystal oscillator is used. 

When the WIT instruction is executed, the internal clock ¢ 
stops in the “H” level but the oscillator continues running. 
This wait state is cleared when an interrupt is accepted. 
Since the oscillation does not stop, the next instructions are 
executed at once. 

To return from the stop or the wait status, the interrupt en- 
able bit must be set to “1” before executing STP or WIT in- 
struction. Especially, to return from the stop status, the tim- 
er X count stop bit (bit 5 of address OOFF;,) must be set to 
“0” before executing STP instruction. 

The circuit example using a ceramic oscillator (or a quartz 
crystal oscillator) is shown in Figure 15. 

The constant capacitance will differ depending on which 
oscillator is used, and should be set to the manufactures 


Interrupt : 
request 


Interrupt 
disable flag | 


STP instruction 


Timer X count stop bit 


Fig.17 Block diagram of clock generating circuit 





instruciton 





M50742-XXXSP 


Xout 


Fig.15 External ceramic resonator circuit 


M50742-XXXSP 


Xing Xout 


External oscillating. 
Circuit 





Fig.16 External clock input circuit 


suggested value. 
The example of external clock uasge is shown in Figure 16. 


Xin is the input, and Xour is open. 


STP instruction 


Internal clock ¢ 


Overflow 
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PROGRAMMING NOTES 
(1) The frequency ratio of the timer and the prescaler is 
A/(n-+1). 

(2) Even though the BBC and BBS instructions are ex- 
ecuted after the interrupt request bits are modified (by 
the program), those instructions are only valid for the 
contents. before the modification. Also, at least one in- 
struction cycle must be used (such as a NOP) between 
the modification of the interrupt request bits and the 
execution of the BBC and BBS instructions. 

(3) Reading the timer and prescaler must be avoided 

| while the input to the prescaler is changing. 

(4) After the ADC and SBC instructions are executed (in 
decimal mode), one instruction cycle (such as a NOP) 
is needed before the SEC, CLC, or CLD instructions. 
are executed. . 

(5) A NOP instruction: must be used after the execution of 
a PLP instruction. . 


DATA REQUIRED FOR MASK ORDERING 


Please send the following data for mask orders. 


(1) Mask ROM confirmation form | 
(2) Mark specification form | | | 

(3) = Y@) \V) Ie l-| (- ee EPROM 3sets 

Write the following option on the mask ROM confirmation 

form 


¢ Port PO pull-up transistor bit. 

* Port P1 pull-up transistor bit 

« Port P2 pull-up transistor bit 

¢ Port P3 pull-up transistor bit 

¢ Port P4 pull-down transistor bit 
¢ Port P5 pull-up transistor bit 

¢ Port P6 pull-up transistor bit 
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ABSOLUTE MAXIMUM RATINGS 


Tv Pinputvotage, Pay-Pfp 


V; . 
Input voltage, POg~P07, Plo~Pl7, P29~P27, P39~P37, 
I We : ' ee. see oe : With respect to Vss. —0, 3~11 V 
P59~P5z, CNTR, INT, ’ 
Vi 



























Output transistors are at “off” state. 
Input voltage, CNVss —0. 3~13 
=0.3~Veot0.3 


Vv 


oii esa 
Output voltage, P4g9~P47, Xour, 
Output voltage, PQg~P07, Plo~P17, P29~P27, P3o~ P37, 

P69~ P67 : 
Pa |Powerissipain ———SSC*~“~*~*~“‘~*id TS ESCSC“‘CONNN#N#C#*#*”’ iO00(Note 1) 
Storage temperature ree ee eee a 


Note 1 : 300mW for QFP types. 









































lo-(peak) mA 






lo-(avg) 





P39~ P37, P49~P4,, P5o~ P57, 
0. 2Voc V 
INTs, CNVss : 
P39~ P37, P69~P67 
“H” peak output current, P4g~P47 
3: The total of lo.(peak) of PO, Pl, P2, P3, P6 should be 80mA max, and the total of lon(peak) of P4 


RECOMMENDED OPERATING CONDITIONS (Vcc = 5V+10%, Ta = —10~70°C, unless otherwise noted) 
“H” input voltage, POg~P07, Plo~P17, P29~P27, 
0. 8Vcc Voc V 
INT,, RESET, Xin, CNVsg 
“L” input voltage, PQgo~P07, Plo~Pl7, P29~P2y, 
P39~P3;, P4g~P42, P5o~ P57, 
"L input voltage, RESET Po btved vv 
“L” peak output current, POg~PO07, Plo~P17, P29~P27, 
“L” average output current, POg~P07, Pig~P1z, 
P29~P27, P39~ P37, 
P69~P6; (Note 2) 
“H” average output current, P49~P4; (Note 2) PE 
Internal clock oscillating frequency ees eee ae a 
Note 2: lo.(avg): lon(avg) is the average current in 100ms. 
should be 80mA max. 
4 : “H” input voltage of ports PO, Pl, P2, P3, P5 and INT, is available up to + 9 V. 
(For ports, it is only when pull-up transistor is omitted.) 
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/ 
# 


| ELECTRICAL | CHARACTERISTICS (Vcc = SV, Vss = 0V, Ta = 25©, fcx,,) = 4MHz, unless otherwise noted) 


‘Parameter Test conditions | Limits Unit 
ee ee ee 


H “H” output voltage, P49 ~P47 lon = —10mA he = ee 
“H” output voltage, ¢ lon = —2.5mA 
L 


(o) 
ro) 3 
P39~P37, P6y~P67 , | 
Wor [a ouputvotases Sid ASSSCSC~—“~C~‘“~“‘~—SSCS 
= A See AMER GERD ASMeSMNET Ba 
a 










= 
on 
o|oO 
ning) omina] 


( 







































“L” input current, P0g~P07, Plo~Pl7, P2o~P2z, V, = 0V 7 : 
P39~ P37, P5p~P57, P6g~ P67 without pull-up transistor . 4 =e HP 
‘L" input current P0g~P07, Plo~Pl7, P29~P2y, “= OV | ae an 
P39~ P37, P5g~P57, P6g~P67 with pull-up transistor . 
Tin (rnp curren, yey ev SOSC~—CSSCS Sd CdS 
Tia [- input current INT, RESET. Xy—SCSSC~—“‘id MS SSSCSCS—~—sSC‘iSSC“‘S SS 
“H” input current, P0p~P07, Plo~Plz, P2o>~P2,, Vi = 9V | re 
P39~P37, P5g~P57, P6g~ P67 without pull-up transistor 
“H” input current, P0g~P07, Plo~Pl7, P2o~P2z, Vi=5V 
Mi P39~P37, P5p~P57, P6g~ P67 with pull-up transistor a wae ‘ 
nT] “H" input current, P49~P47 ; 5 
without pull-down transistor 









“H” input current, P49~P47 70 125 


he 


V, = 5V 
ee . with pull-down transistor 
“H” input current, INT;, RESET, Xin il vy=5v 
f (xjy) = 4MHz 
square wave 


RAM retention voltage At clock stop 
Ta] 2c.” 
At clock stop 


loc 
Ta = 70°C 


At clock stop 
























P-channel open- 
drain output pins are 








to Voc, output pins 





Supply current 


is 


</k} g Re SUR 
> > >| > > > > | >|> 


are open, other I/O 
pins are connected 


1 


ron) 
zg 
> 


3 





to Vgs. 
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TIMING REQUIREMENTS 


gant eal MOde (Veco = 5V+10%, Vss = OV, Ta = 25C, f (x) = 4MHz, unless otherwise noted) 04 






Limits 


Symbol Parameter 
Typ. 


= 
S 
<= 
@ 
4 
C 
> 


NM} PR 
S| NW * 
O;}O/O]:; 
=) 

” 


No 
~~ 


tsu (Pop-¢) Port PO input setup time 
tsu (P1D-¢) Port Pl input setup time 


tsu (p2D-¢) Port P2 input setup time 










Nh 
™~ 
o>) 


tsu (P3D-¢) Port P3 input setup time 


‘Port P4 input setup time 


NO] PS 
SJ] NW 
oO;}oQ 


Port P5 nye Seue time eee ae ae oe 
in cerao) | Por inputting 80 
th (¢-P1D) Port Pl input hold time | 20/1 [| ons | 
th (¢-P2D) Port P2 input hold time | 20, | | ons 
th (¢-P3D) Port P3 input hold time | 20} | | ons 
th (¢-p4D) Port P4 et hold time | 20] | | ons | 





Sea (Cs ECT RE SST 8 a 
Eee eres Me ee 
Fig [extemal alah ising edge SSCs 
A TT LO INS (OT 


Eva- -chip mode ue = 5V+110%, Vsg = OV, Ta = 25C, f (xi) = 4MHz, unless otherwise noted) 


Limits 
ae ee SS 
27 


ss a 
Port PO input setup time | 270 | | 
es ees ae: 
aa ae 
Roe | 








Port P] input setup time 270 

Port P2 input setup time . 

Port PO pu hold time | 20 | | | ons | 
Chests. | eoiReeMedien ea ee 
Lthise2n) [| PortP2inputholdtime —C(‘LS ts 















Memory expanding ‘mode and siciapioressor mode 


(Voc = 5V410%, Veg = OV, Ta = 25, fi (xy) = 4MHz, unless otherwise noted) 


ymMbo arameter ee 


Port P2 input setup time P2702) 
Port P2 input hold time 
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SWITCHING CHARACTERISTICS 


Single-chip Mode (Vcc = 5V+10%, Vss = OV, Ts = 25°C, fixjy) = 4MHz, unless otherwise noted) 


. Limits 
Symbol Parameter Test conditions ; 
Min. Typ. 


Port PO data output delay time - ae 

Port Pl data output delay time i rigs . 

Port P2 data output delay time Pa 

Port P3 data output delay time * . re ee ee ns 












Port P4 data output delay time Fig.19 
Port P6 data output delay time Fig.18 230 


















Eva-chip MOde (Vcc = 5V410%, Vss = OV, Ta = 25°C, fx,,,) = 4MHz, unless otherwise noted) 


Limits 
~ Symbol Parameter : 


Port PO address output delay time . | 
Port PO address output delay time 
td(¢-Poq) Port PO data output delay time — 


td(¢-PoaF) Port PO data output delay time 
td(¢-P1a) Port Pl address output delay time 
td(¢-P1AF) Port Pl address output delay time 








td(¢-P10Q) Port Pl data output delay time 


Port P] data output delay time 


tdcaesa) Port P2 data output delay time 


Port P2 data output delay time 
td(¢-rR/w) R/W signal output delay time 
R/W signal output delay time 
Port P39 data output delay time 
. Port P39 data output delay time 
SYNC signal output delay time 
SYNC signal output delay time 


Port P32 data output delay time 
. td(¢-P3.0F) Port P32 data output delay time 




















Memory expanding mode and microprocessor mode 


(Veco = 5V410%, Ves = OV, Ta = 25°, fcx,,) = 4MHz, unless otherwise noted) | 






Symbol | Parameter , Test conditions 






td(¢-poa) | Port PO address output delay time 
td(¢ -P1a) Port Pl address output delay time 






td(¢ -p2aQ) Port P2 data output delay time 






ae Fig.18 
td(¢ -p2aF) Port P2 data output delay time 


R/W signal output delay time . . 


td(¢-syYNnc) SYNC signal output delay time 






























Fig.19 Port P4 test circuit 
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DIAGRAMS 


In single-chip mode 


Port PO output 


Port PO input 
Port P1 output 
Port P1 input 
Port P2 output 


Port P2 input 


Port P3 output 


Port P3 input 


Port P4 output 
Port P4 input 


Port P5 input 


Port P6 output 


(Xin) 
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td (¢-Poa) 


tsu (pop—¢) 
th (¢—pop) 
td (¢+P1Q) 
tsu (P1D—¢) 
th (¢—P1p) 


td (¢—Pp2a) 


tsu (p20—4)— 


Bars (¢—P2D) 


be 
th (¢—Pap) 
td (¢—P4q) 
a ee 


tsu (pap—¢) 


<— th (¢—pap) 


tsu (psp—¢ 





th (¢—psp) 


td (¢—-P6Q) 


>, a 
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In eva-chip mode 


Port PO output 


Port PO input 


Port P1 output 


Port P1 input 


Port P2 output 


Port P2 input 


Port P39 output (R/W) 


Port P3, output (SYNC) 


Port P32 output 







d (¢—POAF) td (¢—PoaF) 


th (¢—PopD) 
—P1A) td (¢—P1AF) td (¢—P10F) 


ES GURNEE). 


"td (¢-P1Q) 


<— th (¢—p1p) 


th (¢—p2pD) 


<— td (¢—pa,ar) 


td (¢—p3,0F) 


td (¢—-P3,a) 





td ( o— P3Q) 


ih, ED, 6 


td (¢-P3,0F) 
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In memory expanding mode and microprocessor mode 


Port PO output 


Port P1 output 


Port P2 output . 


Port P2 input 


_Port P39 output 


Port P3, output 


(R/W) 


(SYNC) 





> Sr a, 


fee 





4 


th (¢—-P2D) 
td (¢—R/w) 
Mh | 
fC 


\Z 


\Z 
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DESCRIPTION 
The M50743-XXXSP is a single-chip microcomputer de- 


signed with CMOS silicon gate technology. It is housed ina | 


64-pin shrink plastic molded DIP (flat package type also 


available) . This single-chip microcomputer is useful for 


business equipment and other consumer applications. 

In addition to its simple instruction sets, the ROM, RAM, 
and.1/O addresses are placed on the same memory map to 
enable easy programming. 

The differences between the M50743- XXXSP and the 


M50743-XXXFP are the package outline and power dis- 


_ sipation ability (absolute maximum ratings). 


DISTINCTIVE FEATURES 


Number of basic instructions:::::--:-"- ee eae ce 69 
@ Memory size ROM Bec e ee merece rece eereeceseerenesees 4096bytes 
RAM Cee 128bytes 


® Instruction execution time 
vteeens 1us (minimum instructions at 8MHz frequency) 


- @ Single power supply f(Xj) =8MHz ee 5V+10% 
@ Power dissipation | , 4 = 
normal operation mode (at 8MHz frequency) :--- 30mW 
@ Subroutine nesting st sreeeees 64 levels ( Max.) 
:) Interrupt Lead eee ensigns Ada Rise VIO EAA MN TAGs =U SSS 7 types, 5 vecters 
@ 8-bit timers 3 (2 when used as serial |/O) 
@ Programmable |/O (Ports PO, P1, P2, P3, P4) srr 40 
@ Input ports (Port. P5) -sceseereseeeeeees ” Berg tea telat Gites al hastens 8 
@ Output ports (Port P6) as Seo dace wah cd a tealaes wae ware Eaceeeh sade 8 
® Serial |/O (BaDit) crecrete sees ece ee eeee eee eee nessa cena seen ens SSacahitie | 
APPLICATION 


Office automation equipment 
VCR, Tuner, Audio-visual equipment 





PIN CONFIGURATION (TOP VIEW) | 


I/O port P2 
Output port P6 


1/O port PO 
1/O port P4 


P4, + 

P4) + 

P37/Srpy 

P35/CLK + 

P35/Sout ** 

1/0 P34/Sin > 
port P3) 63./CNTR 
P3./INT> > 


dSXXX-CrLOsn 


1/0 port P1 


P39 + 

Interrupt input INT, — 

CNVss — 

Reset input RESET =¢ 
Clock input Xin Input port PS 
Clock output : Xourt 


Timing output p+ 


M50743-XXXSP 


NTR «+ [5] 


P33/C 


Outline 72P6 


NC : No connection 
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M50743-XXXSP BLOCK DIAGRAM 








Clock Clock Timing Interrupt. 
input output output . input Reset input (5V) - (OV) (OV) 
Xin Xout p INT, Reset Vec Vss CNVs5 


Sn ae — eke 1 


Clock generating circuit || I] 


Processor 
status 










Program Program 


Stack 
pointer S(8) 






counter 


PC_(8) 


counter 
PC,(8) 


Instruction 
register (8) 


Instruction 
decoder 







register PS(8 


2) 
Prescaler 


PRE 12(8) 128) 


2. 
Prescaler Timer X 
TX(8) 


PREX(8) 






8-bit 
arithmetic RAM 


nd i 
e ae Accumulator 128 bytes Ingen Index 


A(8) register Y (8) register X(8) 


ROM 
4096 bytes 


Soria signal 
a 

canal 
voi te INNING 


lt JHOOVIIO (OX) NOW nintern CP EBXELEINENEENE) ANAND) 54) 


Output port P6 ~ “ete: port P5 1/0 port P4 1/O port P3 V0 port P2 I/O port P1 - 1/0 port PO 






































YALNdUWODOUDIN SOW) LIEG-S dIHO-ATINIS 


dd/dSXXxX-€vZOsin 


SHYALNdUWODOUDIWN IHSIESNSLIW 
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FUNCTIONS OF M50743-XXXSP 


[Number ofbasic nsivctins ss SSCSC=“*“*~‘“‘*~S*~*dONSC“C#SNSNCNSCWSCSC“C(NNNNN’NNNNNNNNNNYN. ss CS 
Ores |e eenENeee | ___ hae ease arawerscmac 
Memory size : 

int, Wed) SCS~C~—~—CSCSCSCSCSCSCS 
OS 
fee toto SC~—sSCSOSOSCOCOCOCSCSC“*S™SC*C*CS*CSC*~C*S 
Vesta Se ee 




















Input/output ports 


Supply voltage 5V+10% 
Power dissipation At high-speed operation 30mW (at 8MHz frequency) 7 





Input/Output characteristics 
Operating temperature range —10~70°C 
Device structure - . CMOS silicon gate process 
4 ; M50743-XXXSP 64-pin shrink plastic molded DIP . ; 
Package 
M50743-XXXFP 72-pin plastic molded QFP 
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PIN DESCRIPTION 
Input/ 
na 


— Supply voltage = 


_ oe ae 


[eee oe 
fexm fameve | we 
be la This is the highest order interrupt input pin. 


POg>~PO- | I/O port PO 


| Plo~P17 | I/O port P1 rs Port P1 is an 8-bit 1/O port and has basically the same functions as port PO. 
P29~P27 | I/O port P2 ee Port P2 is an 8-bit 1/O port and has basically the same functions as port PO. | 
P39~P37 | I/O port P3 
P3., P35, and P34 work as Sarpy, CLK, Sout, and Sy pins, respectively. 
Also P33 and P32 work as CNTR pin and the lowest order order interrupt input pin (INT>) , pee 


P49~~P4, | I/O port P4 Pwo | Port P4 is an 8-bit 1/O port and has basically the same functions as port PO. 








Functions 






Power supply inputs 5V+10% to Vcc, and OV to Vss. 


This is usually connected to Vsgs. 


To enter the reset state, the reset input pin must be kept at a “L” for more than 2us (under normal Voc 
conditions) .If more time is needed for the crystal oscillator to stabilize, this “L” condition should be mained 
for the required time. | 














This chip has an internal clock generating circuit. To control generating frequency, an external ceramic or a 
quartz crystal oscillator is connected between the Xijy and Xour pins. If an external clock is used, the clock 
source should be connected the Xjy pin and the Xoyr pin should be left open. 












This is the timing output pin. 





This is an output pin for the timer X. 





Port PO is an 8-bit 1/O port with directional registers allowing each I/O bit to be individually programmed as 
input or output. At reset, this port is set to input mode. 
The output structure is CMOS output. 





Port P3 is an 8-bit |/O port and has basically the same functions as port PO. When serial I/O is used, P3,, 







| P5So~P57 | Input port P5 Port P5 is an 8-bit input port. 
P65~ P67 | Output port P6 . Port P6 is an 8-bit output port. The output structure is CMOS output. 
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BASIC FUNCTION BLOCKS | rupts (see interrupt chapter). Addresses 0000,, to OOFF4, 
| . are the zero page address area. By using the zero page 
MEMORY | | addressing mode, this area can also be accessed with 2 


A memory map for the M50743-XXXSP is shown in Figure bytes. The use of these addressing methods will greatly re- 
1. Addresses F000;, to FFFF,, are assigned to the built-in duce the object size required. The RAM, 1/0 port, timer, 
ROM area which consists of 4096 bytes. etc., are assigned to this area. | 
Addresses FFO0;, to FFFFi, are a special address area Addresses 0000;, to 007F,, are assigned to the built-in 
(special page). By using the special page addressing RAM and consist of 128 bytes of static RAM. In addition to 
-mode of the JSR instruction, subroutines addressed on this data storage, this RAM is used for the stack during sub- 
pdge can be called with only 2 bytes. Addreeses FFF4;,to routine calls and interrupts. : 

FFFF,, are vector addresses used for the reset and inter- . | 


Decimal . 


i ; 
7 ~ 7 
RAM 00E1,,) Port PO fiacon: 
(128 bytes) . 00E2,56{ Port P1 
| | OOE3;¢] Port Pt regions! 
Zero page . - Q0E4,,_} Port P2 
Not used O0E5,.64 Port P2 alectione) 


: 
00E8,, 
Q0E9;6| Port Pa ctrgctonal | 
OOEAs| Port PA sd 

Not used -* OOEB,.6 

: : 00EC 6 


OOED 16 


| | | ) Serial 1/0 mots... 
ROM - | 
(4096 bytes) 
~ Special ~ 4 ; 
page for 


subroutine ios * Timer 1 
: Timer 1 OOFC,6| Timer X prescaler | 
Timer X OOF Die , 





i} 





Fig.1 Memory map 
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CENTRAL PROCESSING UNIT (CPU) 


The CPU consists of 6 registers and is shown in Figure 2. 


ACCUMULATOR (A) | 

The 8-bit accumulator (A) is the main register of the micro- 
computer. Data operations such as data transfer, Input/Out- 
put, etc., are executed mainly through accumulator. 


Accumlator 


Index register X 


Index register Y 


Stack pointer 


Program counter 


Fig.2 Register structure 
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INDEX REGISTER X (X) 

The index register X is an 8-bit register. 

In the index addressing mode, the value of the OPERAND 
added to the contents of the register X, specifies the real 
address. When the T flag in the processor status register is 
set to “1”, the index register X itself becomes the address 
for the second OPERAND. 


INDEX REGISTER Y (Y) 


The index register Y is an 8-bit register. | 
In the index addressing mode, the value of the OPERAND 
added to the contents of the register Y specifies the real 


address. 


7 0 | 
nfv[rfefols[zfel Processor status register 


Carry flag 


Zero flag - 
Interrupt disable flag 


Decimal mode flag 
Break flag 

Index X mode flag 
Overflow flag 


‘Negative flag 
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STACK POINTER (S) | 

_ The stack pointer (S) is an 8-bit register that contains the 
address of the next location in the stack. It is mainly used 
during interrupts and subroutine calls. The stack pointer is 
not automatically initialized after reset and should be initial- 
ized by the program using the TXS instruction. 

The location of the stack can be determined by hee stack 
page bit (bit 4 at address OOFF;,). When bit 4 is “O” and 
the contents of the stack pointer is XX.¢, the stack address 
is set to 0OXX;¢. When bit 4 is “1”, the stack address is set 
to 01XX15. When using this microcomputer in the single- 
chip mode, the stack page bit must be “0” and the stack 
pointer should be set at the bottom address of the internal 
RAM. | 

When an interrupt occurs, the higher 8 bits of the program 
counter are pushed into the stack first, and then the lower 8 
bits of the program counter are pushed into the stack. After 
each byte is pushed into the stack, the. stack pointer is de- 
cremented by one. Next, the contents of the processor sta- 
tus register are pushed into the stack. When the return from 
interrupt instruction (RTI) is executed, the program counter 
are processor status register data is pulled off the stack in 
reverse order from above. 

The Accumulator is never pushed into the stack automati- 
cally. A Push Accumulator instruction (PHA) is provided to 
execute this function. Restoring the Accumulator to its pre- 
vious value is accomplished by the Pull Accumulator in- 
struction (PLA). It is executed in reverse order of the PHA 
instruction. 

The contents of the Processor Status Register (PS) are 
pushed (pulled) to (from) the stack with the PHP and PLP 
instructions, respectively. Only the program counter is 
pushed into the stack during a subroutine call. Therefore, 
any registers that should not be destroyed should be 
pushed into the: stack manually. The RTS instruction is 
used to return from a subroutine. 


PROGRAM COUNTER (PC) 

The 16-bit program counter consists of two 8-bit registers 
PCy and PC,. The program counter is used to indicate the 
address of the next instruction to be excculed: 


PROCESSOR STATUS REGISTER (PS) 


The processor status register is composed entirely of flags — 


. used to indicate the condition of the processor immediately 
after an operation. Branch operations can be performed by 
testing the Carry flag (C), Zero flag (Z), Overflow flag (V) 
or the Negative flag (N). Each bit of the register is ex- 
pene’ below. 


1. Carry flag (C) | 

The carry flag contains the carry or borrow generated’ by 
the Arithmetic and Logical operation Unit (ALU). im- 
mediately after an operation. It also changed by the shift 
and rotate instructions. The set carry (SEC) and clear carry | 
(CLC) instructions allow direct access for setting and 
clearing this flag. 


2. Zero flag (Z) 

This flag is used to indicate if the immediate operation 
generated a zero result or not. If the result is zero, the zero 
flag will be set to “1”. If the result is not zero, the zero flag 


will be set to “0”. 


3. Interrupt disable flag (I) 


_ This flag is used to disable all interrupts. This is accom- 


plished by setting the flag to “1”. When an interrupt, this 
flag is automatically set to “1” to prevent other interrupts 
from interfering until the current interrupt is completed. The 
SEI and CLI instructions are used to set and clear this flag, 
respectively. 


4. Decimal mode flag (D) 

The decimal mode flag is used to define whether addition 
and subtraction are executed in binary or decimal. If the 
decimal mode flag is set to “1”, the operations are ex- 
ecuted in decimal, if the flag is set to “0”, the operations 
are executed in binary. Decimal correction is automatically 
executed. The SED and CLD instructions are used to set 
and clear this flag, respectively. 


5. Break flag (B) 


When the BRK instruction is executed, the same operations 
are performed as in an interrupt. The address of the inter- 
rupt vector of the BRK instruction is the same as that of the 


lowest priority interrupt., The contents of the B flag can be 


checked to determine which condition caused the interrupt. 
If the BRK instruction caused the interrupt, the break flag 
will be “1”, otherwise it will be “O”. 


6. Index X mode flag (T) 

When the T flag is “1”, operations between memories are 
executed directly without passing through the accumulator. 
Operations between memories involving the accumulator 
are executed when the T flag is “0” (i.e., operation results 
between memories 1 and 2 are stored in the accumulator). 
The address of memory 1 is specified by the contents of 
the index register X, and that of memory 2 is specified by | 
the normal addressing mode. The SET and CLT instructions 
are used to set and clear the index X mode flag, respec- 
tively. 
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7. Overflow flag (V) 


The overflow flag functions when one byte is added or sub- 
tracted as a signed binary number. When the result ex- 
ceeds +127 or —128, the overflow flag is set to “1”. When 
the BIT instruction is executed, bit 6 of the memory location 
is input to the overflow flag. The overflow flag is reset by 
the CLV instruction and there is no set instruction. 


8. Negative flag (N) 


The negative flag is set whenever the result of a data trans- 
fer or operation is negative (bit 7 is set to “1”). Whenever 
the BIT instruction is executed, bit 7 of the memory location 
is input to the negative flag. There are no instructions for 
directly setting or resetting the negative flag. 


Table.1 Interrupt vector address and priority 








FFFF 15, FFFEi6 


RESET 
FFFD1¢, FFFCig 


















FFF91¢, FFF816 
FFF7i¢, FFF6i16 
FFF516, FFF 416 


Timer 2 or serial 1/O 
INT. (BRK) 








Interrupt 
request 


, Interrupt disable flag | 


Fig.3 Interrupt control 


Interrupt Vector address 


| 
ae ae 


INTERRUPT 

The M50743-XXXSP can be interrupted from seven souces; 
INT,, timer X, timer 1, timer 2/serial 1/O, or INT2/BRK in- 
struction. 

However, the INT» pin is used with port P3, and the corres- 
ponding directional register bit should be set to. “0” when 
P3. is used as an interrupt input pin. 
The value of bit 2 of the serial I/O mode register (address 
O0F6,.) determine whether the interrupt is from timer 2 or 
from serial 1/0. When bit 2 is “O” the interrupt is from timer 
2, and when bit 2 is “1” the interrupt is from serial I/O. Also, 
when the bit 2 is “1”, parts of port P3 are used for serial |/ 
O. These interrupts are vectored and their priorities. are 
shown in Table 1. Reset is included in this table since it 
has the same functions as the interrupts. 

When an interrupt is accepted, the contents of certain reg- 
isters are pushed into specified locations, (as discussed in 
the stack pointer section) the interrupt disable flag | is set, 
the program jumps to the address specified by the interrupt 
vector, and the interrupt request bit is cleared automatical- 
ly. The reset interrupt is the highest priority interrupt and 
can never be inhibited. Except for the reset interrupt, all in- 
terrupt are inhibited when the interrupt disable flag is set to 
“4”. All of the other interrupts can further be controlled indi- 
vidually via the interrupt control register shown in Figure 3. 
An interrupt is accepted when the interrupt enable bit and 


Interrupt contro! register (address OOFE,,) 


Bit 7 : INT; pin interrupt request bit 

Bit 6 : INT, pin interrupt enable bit 

Bit 5 : Timer 1 interrupt request bit 

Bit 4 : Timer 1 interrupt enable bit 

Bit 3 - Timer 2 or serial I/O interrupt request bit 
Bit 2 : Timer 2 or serial I/O interrupt enable bit | 
Bit 1 : INT» interrupt request bit 

Bit 0 : INT2 interrupt enable bit | 


Timer contro! register (address OOFF,,) 
Bit 7 : Timer X interrupt request bit 
Bit 6 : Timer X interrupt enable bit 

Bit 5 - Timer X count stop bit 

Bit 4 - Not used 

Bit 3,Bit2 : Timer X mode bits 


Bit 1,BitO : Processor mode bits 
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the interrupt request bit are both “1” 
-able flag is “0”. 


The interrupt request bits are set when the following condi- 


_ tions occur: 


(1) When the INT, or INTp pins go from “H” to “L” 
When the contents of timer X, timer 1, timer 2 (or the 


(2) 


serial I/O counter) go to “0” 


These request bits can be reset by the program but can not vali 
be set by the program. However, the interrupt enable bit 


can be set and reset by the program. 


Since the BRK instruction and the INT» interrupt have the 
same vectored address, the contents of the B flag must be 
checked to determine if the BRK instruction caused the in- 


terrupt or if INT. generated the interrupt. 


Oscillator divider 


Timer 
mode 
Pulse width ~ 


measurement 


ee mode _ 
Event counter mode qd 


P33/CNTR 


Pulse output mode 
: O) 


P3,/CLK 


and the interrupt dis- 


Forcibly 


~ | latch(8 =| 
to timer 1 


TIMER 

The M50743-XXXSP has three timers; timer X, timer 1, and 
timer 2. Since P3 (in serial |/O mode) and timer 2 use 
some of the same architecture, they cannot be used at the 
same time (see serial I/O section). Timer X has four modes 
which can be selected by bit 2 and 3 of the timer control _ 
register. When the timer X count stop bit (bit 5) is set to 
, the timer X will stop regardless of which mode it is in. 
A block diagram of timer X, timer 1 and timer 2 is shown in 
Figure 4. 

The P33/CNTR pin cannot be used as CNTR when P33 is 
being used ‘in the normal I/O mode. 

Timer 1 and timer 2 share with a prescaler. This prescaler 
has an 8-bit programmable latch used as a frequency di- 
vider. The division ratio is defined as 1/(n+1), where nis 
the decimal contents of the prescaler latch. All three timers 
are down-count timers which are reloaded from the timer 
latch following the zero cycle of the timer (i.e. the cycle af- 
ter the timer counts to zero). 


rar Timer X latch(8 = 


celal xX ( 


ee Dala bue: . 


connected 

here with the 

execution of 
the STP 

.. instruction 


“Tr | Prescaler latch (8), 


to timer X interrupt 
request bit 


a, 
te one 


Timer X count stop bit 
(Bit 5 of address OOFF;,) 


Toggle filip-filip 


ne or 
STP instruction 


Timer 2 latch(8) 2 I; 


interrupt 
request 
bit 


Timer lot | Timer 2. (8) | 2 ( 


to timer 2 or 
serial I/O 
interrupt . 
request bit 


— | 
i Serial 1/O mode register (address 00F6,,) 
3 0 | 





Fig. 4 Block diagram of timer X, timer1, timer2 
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The timer interrupt request bit is set to “1” during the next 
clock pulse after the timer reaches zero. The interrupt and 
timer control registers are located at addresses OOFE,, and 
OOFF,., respectively (see Interrupt section). The four mod- 
es of timer X as follows: | 


(1) 





Timer mode (00) 

In this mode the clock is driven by the oscillator fre- 
quency divided by 16. When the timer down-counts to 
zero, the timer interrupt request bit is set to “1” and 
the contents of the timer’s latch is reloaded into the 
timer and the counting begins again. 

Pulse output mode (01) 

In this mode, the polarity of the CNTR signal is re- 
versed each time the timer down-counts to zero. 

Event counter mode [10] 

This mode operates in the same manner as the timer 
mode except, the clock source is input to the CNTR 
pin. This mode will allow an interrupt to be generated 
whenever a specified number of external events have 
been generated. The timer down-counts every rising 
edge of the clock sourse. 

Pulse width measurement mode [11] 

This mode measures the pulse width (between lows) 
input to the CNTR pin. The timer, driven by the oscilla- 
tor frequency divided by 16, continues counting during 
the low cycle of the CNTR pin. When the-timer con- 
tents reaches “OQ” , the interrupt request bit is setto “1” , 
the timer’s reload latch is reloaded and the counting 
resumes. , 

The structure of the timer control register is shown in 
Figure 5. 

When the STP instruction is executed, or after reset, 
the prescaler and timer latch are set to FFig and 01146, 
respectively. Also, when the STP instruction is ex- 
ecuted, the oscillator’s frequency (divided by 16) will 
become the counting source, regardless of the timer X 
mode setting. This state will be released when the tim- 
er X interrupt request bit is set to “1”, or after a reset. 
Timer X will then enter the mode specified by its mode 
bits. For more details on the STP instruction, refer to 
the oscillation circuit section. 
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7 0 | eS 
SRR AER E Timer control register (address OOFFig) 


Processor mode bit 

00 : Single-chip mode 

01 * Memory expanding mode 
10 : Microprocessor mode 
11: Eva-chip mode 


Timer X mode bit 
00 : Timer mode. 
01: Pulse output mode 
10 > Event counter mode 
11: Pulse width measurement mode 


Stack page bit 
0 : Page 0 
-1.: Page 1 


Timer X count stop bit 
0 : Count start 
1: Count stop 


Timer X interrupt enable bit 
0 : Interrupt disable 
1 : Interrupt enable 


Timer X interrupt request bit 
0 : No interrupt request 
1: With interrupt request 





Fig.5 Structure of timer control register 
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SERIAL I/O : . transfer speed. When the bits are (11), oscillator frequency 
A block diagram of the serial I/O is shown in Figure 6. divided by 16, becomes the clock. 
In the serial |/O mode the receive raady signal (Srpy), syn- Bit 2 and 3 decide whether parts of P3 will be used as a 
- chronous input /output clock (CLK), and the serial I/O pins serial I/O or not. When bit 2 is a “1”, P38, becomes an 1/O 
(Sour, Sin) are used as P37, P3¢, P3s, and P3,, respectively. _ pin of the synchronous clock. When an internal synchronous 
The serial 1/O mode register (address 00F6,,) is 4-bit reg- clock is selected, the clock is output from P3.. If an exter- 
ister. Bits 1 and O of this register is used to select a syn- nal synchronous clock is selected, the clock is input to P3, 
chronous clock source. . and P3s; will be a serial output and P38, will be a serial in- 
When these bits are [00] or (01), an external clock from _ put. To use P3, as a serial input, set the directional register 
P3. is selected. When these bits are [10], the overflow sig- bit which corresponds to P3, to “0”. For more information on 


nal from timer 2, divided by two, becomes the synchronous the directional register, refer to the I/O pin section. 
clock. Therefore, changing the timer period will change the To use the serial 1/O, bit 2 needs to be set to “1”, if it is “0” 


- Fig.6 Block diagram of serial I/O 


| Oscillator divider 


Xin CO) 1/16 


Stee. | , from Timer 1,2 > Re 
P37 (_) < | prescaler Timer 2(8) 


Divider (Address O0FBy) 


to timer 2 or serial 1/O 
interrupt request bit 


Serial I/O counter (3) — 


Transfer clock 


= MSB __ Serial I/O register(8) LSB ; 


Address 00F7;,) 





Data bus 





ie ik Serial |/O mode register (address 00F6,,) 


Synchronous clock selection bit 
00: 
01: 


External clock 


10 : Timer 2 divided hy 2 
11 : Frequency divided by 16 


Serial |/O port selection bit (P35, P3,) 
0 : Normal I/O port . 
~ 1 = Serial 1/O port 


Spry signal output selection bit (P3,) . 
0 : Parallel port 


1 Seay signal output pin 
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P3, will function as a normal |/O. Interrupts will be gener- 
ated from the serial 1/O counter instead of timer 2. Bit 3 
determines if P37 is used as an output pin for the receive 
data ready signal (bit 3=1, Sapy) or used as normal !/O pin 
(bit 3=0). The serial I/O function is discussed below. The 
function of the serial I/O differs depending on the clock 
source; external clock or internal clock. 

Internal Clock—The Sppy signal becomes “H” during trans- 
mission or while dummy data is stored in the serial !/O reg- 
ister (address 00F71,). After the falling edge of the write 
signal, the Srpy signal becomes low signaling that the 
M50743-XXXSP is ready to receive the external serial data. 





The Sropy signal goes “H” at the next falling edge of the 


transfer clock. The serial |/O counter is set to 7 when data 
is stored in the serial 1/O register. At each falling edge of 


Synchronous clock 


Transfer clock 


Serial I/O register 
write signal 


Serial |/O output 
Sout 
Serial !/O input 


Sin 


Receivable signal 


Sroy 


Fig.7 Serial 1/O timing 


Sending side 


Serial |/O mode register 


bit 3 bit 0 


Set the directicona 
register for P37 pin 
in input mode. 





Synchronous clock 


the transfer clock, serial data is output to P35. During the 
rising edge. of this clock, data can be input from P3, and 
the data in the serial |/O register will be shifted 1 bit. 

Data is output starting with the LSB. After the transfer clock 
has counted 8 times, the serial I/O register will be empty 
and the transfer clock will remain at a high level. At this 
time the interrpt request bit will be set. 

External Clock—lf an external clock is used, the interrupt 
request will be sent after the transfer clock has counted 8 
times but transfer clock will not stop. - 
Due to this reason, the external clock must be controlled 
from the outside. The external clock should not exceed 
500kHz at a duty cycle of 50%. The timing diagram is 
shown in Figure 7. An example of communication between | 
two M50743-XXXSPs is shown in Figure 8. 


Interrupt request bit set _ 


Receiving side 


Serial |/O mode register 


P37 


bit 3 bit 0 


ase) 3 


Sot the directional 
P3. register for P3, pin 
in input mode. . 


Serial data 


Fig.8 Example of serial I/O connection 
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RESET CIRCUIT | 

The M50743-XXXSP is reset according to the sequence 
shown in Figure 9. It starts the program from the address 
formed by using the content of address FFFFi, as the high 
order address and the content of the address FFFF 4. as the 
low order address, when the RESET pin is held at “L” level 
for more than 2us while the power voltage is in the recom- 


RESET 


SYNC 


Address 


8~12 clock cycles 


‘mended operating condition and the crystal oscillator 


oscillation is stable and then returned to “H” level. The in- 
ternal initializations following reset are shown in Figure 10. 
An example of the reset circuit is shown in Figure 11. - 
When the power on reset is used, the RESET pin must be 
held “L” until the oscillation of Xin-Xoyr becomes stable. 


ADy,AD, 


i” X21 X 008 X00.s-W00.S-2XFFFEXFFEX 
= 2X 2X 2X 2 KH 2 KAN ADH) 


Reset address from the 
vector table 


Note 1: The relationship between ¢ and fix, is normally f(x,)=4° ¢ 


2: The mark “?” means that the address is changeable depending on the previous state. 


Fig.9 Timing diagram at reset 


Address 
(1) Port PO directional register Elig )-- 
(2) Port P1 directional register E3i6)°" 
(3) Port P2 directional register (E545 ) °° 
(4) Port P3 aieotonal register E96 )- 
EBis )- 


E Ei \ ae 


(5) Port P4 directional register 
(6) Port P6 (Note 1) 


(7) Serial |/O mode register 


E 646 Jew 


(8) Prescaler X iC ye) 


'(9) Timer X EDas ) 


F E46 Jive 
F Rie jes 


(12) Interrupt disable flag on PS. dar Paes 


processor status register 


(10) Interrupt control register 


(11) Timer control register 


(13) Program counter (PC ig ire oman aco! 


Contents of 
( PC. ) **| address FFFE;¢ 


Note 1: Port P6 is the high-impedance state during reset. 


‘After return from reset, it is “FF4,.”. 








Power on 


M50743-XXXSP 
RESET Veco 


M50743-XXXSP 


RESET Voc 


Supply voltage 
detection circuit 


Fig.11 Example of reset circuit | 





Fig.10 Internal state of microcomputer at reset 
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/O PORTS 


(1) 





Port PO 

Port PO is an 8-bit [/O port with CMOS output. 

As shown in the memory map (Figure 1), port PO can 
be accessed at zero page memory address OOEO;.. 
Port PO has a directional register (address 00E1;,) 
which can be used to program each individual bit as 
input (“0”) or as output (“1”). If the pins are program- 
med as output, the output data is latched to the port 
register and then output. When data is read from the 
output port the output pin level is not read, only the 
latched data in the port register is read. This allows a 
previously output value to be read correctly even 
though the output voltage level is shifted up or down. 
Pins set as input are in the floating state and the signal 
levels can thus be read. When data is written into the 
input port, the data is latched only to the port latch and 
the pin still remains in the floating state. 

Depending on the contents of the processor status reg- 
ister (bit O and bit 1 at address OOFF,,), four different 
modes can be selected; single-chip mode, memory ex- 
panding mode, microprocessor mode and evaluation 
chip mode. These modes (excluding single-chip 
mode) have a multiplexed address output function in 
addition to the I/O function. For more details, see the 
processor mode information. 

Port P1 

In the single-chip mode, port P1 has the same function 
as PO. In the other modes, P1’s functions are slightly 
different from POQ’s. For more details, see the processor 
mode information. 

Port P2 

In the single-chip mode, port P2 has the same function 


as PO. In the other modes, P2’s functions are slightly 


different from PO's. 

For more details, see the processor mode information. 
Port P3 

In the single-chip mode, port P3 has the same function 
as PO. In the other modes, P3’s functions are slightly 
different from PO’s. Port P3 can also be used as serial 
I/O, INT2 and I/O pins for timer X. For more details, 
see the processor mode information. _ 

Port P4 

Port P4 has the same function as port PO in the single- 
chip mode. This function does not change even though 
the processor mode changes. 

Port P5 

Port P5 is an input port. 

Port P6 

Port P6 is a CMOS output port. See Figure 12 for more 
details. 

Clock ¢ output pin 

In normal conditions, the oscillator frequency divided 
by four is output as 4. 
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(9) 


INT; pin 

The INT, pin is an interrupt input pin. The INT, inter- 
rupt request bit (bit 7 at address OOFE,,) is set to “1” 
when the input level of this pin changes from “H” t 
“pe 

INT: pin (P3,/INT2 pin) : 

The INT> pin is an interrupt input pin used with P35. To 
use this pin as an interrupt pin, set the corresponding 
bit in the directional register to input (“0”). When this 
signal level changes from “H” to “L”, the interrupt re- 
quest bit (bit 1 at address O00FE,,) is set to “1”. 

CNTR pin (P33/CNTR pin) 

The P33/CNTR pin is an |/O pin of timer X. To use this 
pin as the timer X input pin, set the corresponding: 
directional register bit to input (“0”). In the event coun- 
ter mode, CNTR becomes the input pin of the external 
pulse. In the pulse output mode, the CNTR output 
changes polarity each time the contents of timer X 
goes to “0”. In the pulse width measurement mode, the 
pulse to be measured is input to this pin. 
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Ports PO, P1, P2, P3, P4. 





a Directional register z 
— | = Port latch . ay 










; -Ports PO, P1, P2, P3, P4 
Data bus | 






(Note) P3 is also used as an 1/O pin of serial 1/O and CNTR, 
and input pin of INTo. 


Port P6 
fl Port P6 
Port P5— 
Port P5 
P 


LS 
1 


Fig.12 Block diagram of port PO~P6 (single-chip mode) and output format of ¢ 
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PROCESSOR MODE 

By changing the contents of the processor mode bit (bit 0 
and 1 at address OOFF,,), four different operation modes 
can be selected; single-chip mode, memory expanding 
mode, microprocessor mode and evaluation chip (eva- 
chip) mode. In the memory expanding mode, microp- 
rocessor mode and eva-chip mode, ports PO~P3 can be 
used as multiplexed I/O for address, data and control sig- 
nals, aS well as the normal functions of the I/O ports. 

Figure 14 shows the functions of ports PO~P3. 

The memory map for the single-chip mode is. illustrated in 
Figure 1 and for other modes, in Figure 13. 

By connecting CNVss to Vss, all four modes can be 
selected through software by changing the processor mode 
bits. Connecting CNVss to Vcc automatically forces the 
microcomputer into microprocessor mode. Supplying 10V to 
CNVss places the microcomputer in the eva-chip mode. 
The four different modes are explained as follows: 


Port | Port PO~P2 | P2 


DR 
= 


Eva-chip Microprocessor 
expanding mode mode 
mode 


The shaded area is external memory area 





Fig.13 External memory area in processor mode 


(1) Single-chip mode [00) 
The microcomputer will automatically be in the single- 
chip mode when started from reset, if CNVss is con- 
nected to Vss. Ports PO~ P3 will work as ee I/O 
ports. 
(2) Memory expanding mode (01) 
The microcomputer will be placed in the memory ex- — 
panding mode when CNVsg is connected to Vsg and 
the processor mode bits are set to “01”. This mode is 
used to add external memory when the internal mem- 
ory is not sufficient. 
In this mode, port PO and port Pi are as a system 
address bus and the original I/O pin function is lost. 
Port P2 becomes the data bus of D7~Dg (including in- 
struction code) and loses its normal |/O functions. Pins 
P3, and P38, output the SYNC and R/W control signals, . 
respectively when ¢ enters into the “H” state. Port P3. 
functions as an input port during this same transition. 
(3) Microprocessor mode [10] 
After connecting CNVss to Vcc and initiating a reset, 
the microcomputer will automatically default to this 
mode. 
In this mode, port PO and P1 are used as the system 
address bus and the original function of the I/O pins is 
lost. Port P2 becomes the databus (D7~Dg) and loses 
_its normal I/O functions. Port P3, and P3, and P85, be- 
come the SYNC and R/W pins, respectively and the 
normal: 1/O functions are lost. 
(4) Eva-chip mode (11) 
When 10V is supplied to CNVsg pin, the microcomputer 
is forced into the eva-chip mode. The main purpose of 
this mode is to evaluate ROM programs. prior to mask- 
ing them into the microcomputer’s internal ROM. 
In this mode, the internal ROM is inhibited so the ex- 
ternal memory is requierd.. | 
The lower 8 bits of address data for port PO is output 
when ¢goes to “H” state. When ¢goes to the “L” 
State, PO retains its original 1/O functions. 
Port P1’s higher 8 bits of address data are output. when 
@ goes to “H” state and as it changes back to the .“L” 
state it retains its original I/O functions. Port P2 retains . 
its original output functions while ¢is at the “H” state, 
and works as a data bus of D7~ Dg (including instruc- 
tion code) while at the “L” state. Pins P3, and P38, out- 
put the SYNC and R/W control signals, respectively - 
while ¢is in the “H” state. When in the “L” state, P3, 
and P38, retain their original |/O function. 
The R/W output is used to read/write from/to the out- 
side. When this pin is in the “H” state, the CPU reads ~ 
' data, and when in the “L” state, the CPU writes data. 
The SYNC is a synchronous signal which goes to the 
“H” state when it fetches the OP CODE. 
The relationship between the input level of CNVsg and 
the processor mode is shown in Table 2. 
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Microprocessor 
mode 


Memory expanding mode 


Port PO Ports P07;~P0p ~ Ports P0;~P0, Ports P07;~ P05 . Same as left 


| Address ' Address 
| x 1/0 port 1/0 port oS 
2 ee 


Port P4 Ports P17~P1, Ports P17~P 1 Ports Pl7~P 1) Same as left 


_Y Address I/ | Address 


Port P2 Ports P27~P2, Ports P27~P2, Ports P27~P25 Same as left 


‘ 


; 7 / Output Data Data 
1/O port a a en is = 
KX vo pet D aan 


Ports P37~P3o Ports P37~P3, Ports P3,~P3, 


x 1/O port X I/O port | x I/O port 


Port P3 Port P3; Port P3; Same as left 


SYNC I/O port | “SYNC - : 


Port P3p_ Port P3p 


—R/W 1/0 port X - R/W 





Fig.14 Processor mode and functions of port PO~P3 


Table 2 Relationship between CNVszg pin input level and processor mode 


* Single-chip mode The single-chip mode is set by the reset. 
* Memory expanding mode All modes can be selected by changing the processor mode bit with the program. 


* Eva-chip mode - 
* Microprocessor mode 


Voc . * Eva-chip mode The microprocessor mode is set by the reset. . 
| © Microprocessor mode Eva-chip mode can be also selected by changing the processor mode bit with the program. 


* Eva-chip mode . Eva-chip mode only. 
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CLOCK GENERATING CIRCUIT 
The built-in clock generating circuits are shown in Figure 
17. | | 
When the STP instruction is executed, the oscillation of in- 
ternal clock ¢is stopped in the “H” state. 
Also, the prescaler X and timer X are loaded with FF,, and 
O16, respectively. The oscillator (dividing by 16) is then 
connected to the prescaler input. This connection is cleard 
when timer X overflows or the reset is in, as discussed in 
the timer section. 
The oscillator is restarted when an interrupt is accepted. 
_ However, the internal clock ¢keeps its “H” level until timer 
X overflows. | 
This is because the oscillator needs a set-up period if a 
ceramic or a quartz crystal oscillator is used. 
When the WIT instruction is executed, the internal clock ¢ 
stops in the “H” level but the oscillator continues running. 
This wait state is cleared when an interrupt is accepted. 
Since the oscillation does not stop, the next instructions are 
executed at once. | 
To return from the stop or the wait status, the interrupt en- 
able bit must be set to “1” before executing STP or WIT in- 
struction. Especially, to return from the stop status, the tim- 
er X count stop bit (bit 5 of address OOFF;,) must be set to 
“0” before executing STP instruction. 
The circuit example using a ceramic oscillator (or a quartz 
crystal oscillator) is shown in Figure 15. 
The constant capacitance will differ depending on which 
oscillator is used, and should be set to the manufactures 


Interrupt 
request 


Interrupt 1 ? 
disable = 
flag | - 


WIT 


instruction 


STP instruction 


Fig.17 Block diagram of clock generating circuit 





suggested value. | 
The example of external clock uasge is shown in Figure 16. 
Xin Is the input, and Xoyz is open. 


M50743-X XXSP 


Xout 





Fig.15 External ceramic resonator circuit 


M50743-X XXSP 


Xin . Xour 





Fig.16 External clock input circuit 


STP instruction 


Prescaler X 


Timer X counter stop bit 
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PROGRAMMING NOTES 
(1) The frequency ratio of the timer and the prescaler is 
1/(n+1). | 
(2) Even though the BBC and BBS instructions are ex- 
ecuted after the interrupt request bits are modified (by 
the program), those instructions are only valid for the 
. contents before the modification. Also, at least one in- 
struction cycle must be used (such as a NOP) between 
the modification of the interrupt request bits and the 
execution of the BBC and BBS instructions. 
(3) Reading the timer and prescaler must be avoided 
while the input to the prescaler is changing. 
(4) After the ADC and SBC instructions are executed (in 
decimal mode), one instruction cycle (such as a NOP) 
‘is needed before the SEC, CLC, or CLD instructions 
are executed. 
(5) A NOP instruction must be used after the execution of 
a PLP instruction. 


DATA REQUIRED FOR MASK ORDERING 
Please send the following data for mask orders. 

(1) mask ROM confirmation form 

(2) mark specification form 

(3) =1@) \V Ine |-\¢- Wee EPROM 3sets 
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ABSOLUTE MAXIMUM RATINGS 


Supply voltage 
_ Input voltage, RESET, Xn, INT;, P5o9~P57 


Input voltage, POg~P07, Plo~P17, P29~P27 
P39~P37, P49~ P47 


i eee Input voltage, CNVss 





















‘With respect to Vss. 






—0.3~13 





Output transistors cut-off. 





Output voltage, POo~P0;, Plo~P17, P29~P27 








P39~P37, P49~P47, P69~P67 —0.3~Voect0. 3 





Voc 

Vi 

Vv; 

V 

Vo 

Xout, ¢ 
oo ener re jooatwate 3 
aos orators ee ee 
Storage temperature eee ee —40~125 


Note 1 : 300mW for QFP types. ‘ 











RECOMMENDED OPERATING CONDITIONS (Ta = —10~70T, Vcc = 5V+10%, unless otherwise noted) 


Symbol Parameter Unit 
jms | rama mee 
V 
V 
V 
V 
V 
















“H” input voltage, POg~ P07, Pl9o~P17, P29~P27 
0. 8Vocc Voc V 


P39~P37, P49~P4,, P59~P57 
INT;, RESET, Xin, CNVss 
po] femme 
“L" input voltage, RESET 0 | ccf 
P4p~P47, P69~ P67 
“H” peak output current, POg~PO7, Plo~P17 
lou( peak) P29~P27, P3o~P37 =10 mA 
P49~P4;, P69~ P67 
3 : The total of lou(peak) of PO, P1, P2, P3, P4 and P6 should be 80mA max. 


“L” input voltage, POg~P07, Plo~P17, P29~P27 
P39~ P37, P49~ P47, P59~P57 
INT,, CNVsg 

“L” average output current, POop~P07, P19o~P17 

“H” average output current, POg~PO7, Plg~P17 

lon(avg) P2o~P27, P39~P37 =5 mA 
P49~P47, P6y~P6; (Note 3 ) 
The total of lou(peak) of PO and P1 should be 30mA max. 


cc 

IH 

iL 

IL 

IL 

“L” peak output current, POg~P07, Plo~P17 
lo-( peak) 
P29~P2;, P39~P37 
Internal clock oscillating frequency 
The total of lon(peak) Of P2 should be 50mA max. 


P29~P27, P39~ P37 
lo-(avg) 
P49~P4,, P69~~ P67 (Note 3 ) 
Note 2 : lottavg) lon(avg) is the average current in 100ms. 
The total of lon(peak) Of P3, P4 and P6 should be 30mA max. 
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ELECTRICAL CHARACTERISTICS (Vcc = OV, Vss =w, Ta = 25C, f(x.) = 8MHz, unless otherwise noted) 


| | | Limits 

; Symbol Parameter Test conditions Unit 

Typ. Max. 

“H” output voltage, POp~P07, P19 ~P17, P29 ~P2 
vee p g 0 7 0 7 0 7 eon 3 
P30™~ P3,, P49~ P4z, P6o~ P67 : ; 
Von “H” output voltage; ¢ lon = —2.5mA : 
“L” output voltage, POg~ P07, Plp~P17, P2p~P27 ; 
lo. = 10mA 
P39~ P37, P49~P4z, P6p~ P67 

VoL “L” output voltage, ¢ lo. = 5mA 
When used as CLK input 






















Vr+—V7~— | Hysteresis, P3, 





Vr+—V+y~— | Hysteresis, INT, 


Vr+4+—V+— | Hysteresis, P32 When used as INT2 


Vr+—V+y— | Hysteresis, P33 When used as CNTR 


Hysteresis, RESET 


(oahod ce! 








WtW {Wi Ww 









Hysteresis, Xin 


“L” input current, POg~P07, P1g~P17, P29~P27 








< 
I 
OQ 
< 


= = 
—_— 


P39~ P37, P4o~ P47, P5o~ P57 


2 
on 


a P6~P67, INT;, RESET, Xin 
“H” input current, POo~PO7, Pl9o~P17, P29~ P27 

P39~P37, P4g~P47, P5g~P57 

P69~P6;, INT;, RESET, Xin 


RAM holding voltage When clock stops 


< 
| 

ao 

< 


a 
x 
> 


g 
o 


f(xjy) = BMHz 
Square wave ‘ 
Tg=25C 

At clock stops 
Tag=70C 

At clock stops 












Output port open; 


Supply current other ports are con- 


= 
> 


nected to Vss. 


is 
> 


No 
Oo 
=| 
3 








lic 
lin 
loc 
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TIMING REQUIREMENTS 


Single-chip mode (Vcc = 5V+10%, Vss = OV, Ta = 25°C, f(xy) = 8MHz, unless otherwise noted) 


Symbol 


a icone a 
teu cero-+» | Por Pt input sewptime SSS 
Pieutesdas | Pot eelnnk wipe oe 
tou cesn-2) | Por input soup time ——~—SCSC~“~*~“~“~*~“~“<CSCSC*dC a 
tou crane) | Port Péinput soup me SSCS 0 

ee 










a 
Parameter 









20 
Sisal batronaradings el 
th corro) |PotPtnpuredime 
Pinos) [Pon inp negime 
Sines Sos eomicuatasdin 

tw | Ewtemal lock input pulse width ———SSSCSC~“~“~*~“~*S*S*S*S*S*S*S~C~S~S~S~S~«~C*i 
Ptr | Ewtemalelckrising edge —=SC*=“~*‘“‘“S*S*S*‘“‘“‘“~SCSSSCSCSCSCSCSC~“~*~rCSSCS 
rig [Even cook toting edge SSCS 


io) 


no 
(oo) 


Nh 
(oo) 
>] 
a 


NO 
alae 









pe) 
io) 





pe) 
(a) 





Eva- -chip MOde (Voc = 5V+10%, Vsg = OV, Ta = 25C, f (xin) = 8MHz, unless otherwise noted) 


ae eels so 


Peviesos | Pein seup me a 
200 
Piees | Potro mtnegine 


© 


) 
& 


usiioty expanding mode and mleraprecedest mode 
(Voo = 5V+10%, Vsg = OV, Ta = 25C, f (x;y) = 8MHz, unless otherwise noted) 


Limits 
Symbol Parameter Unit 
es Max. unt 
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SWITCHING CHARACTERISTICS 


Single-chip mode (Veco = 5V410%, Vsg = OV, Ta = 25°, f(x,)) = 8MHz, unless otherwise noted) 


td(¢-Poq) Port PO data output delay time 


td(¢-P6q) Port P6 data output delay time 


Symbol 

























| 


Eva-chip mode (Vcc = 5V+10%, Vss = OV, Ta = 25, f(x.) = 8MHz, unless otherwise noted) 


Parameter 


Port PO address output delay time 






Symbol Test conditions 


td(¢-P0A) 


td(¢-POAF) Port PO address output delay time 





nee 
td(¢-r/wr) | R/W signal output delay time 


td( ¢-SYNCc) SYNC signa! output delay time 
td(¢-syncr) | SYNC signal output delay time | 


td(¢-P3,Q) Port P3, data output delay time 


td(¢-P1QF) Port P1 data output delay time 
td(¢-P2Q) Port P2 data output delay time 





td(¢-P3,QF) Port P3, data output delay time 


Memory expanding mode and microprocessor mode | | 


(Voc = 5V410%, Vss = OV, Ta = 25°, f (x,y) = 8MHz, unless otherwise noted) 
. in. : 


SYNC signal output delay time 


























Fig.18 Port PO~P4 and port P6 test circuit 
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TIMING DIAGRAMS 


In single-chip mode ¢ 


Port PO output 


Port PO input 


~ Port P1 output 


Port P1 input 


Port P2 output 


Port P2 input 


Port P3 output 


Port P3 input 


Port P4 output 


Port P4 input 


Port P5 input 


Port P6 output 


f(xy) 


f 


td (¢—P0Q) 


tsu (pop—¢) 





td (¢—p1qQ) 


tsu (P1D—¢) 


td (¢—p2aQ) 


tsu (p20-—¢)— 


tsu (p3D— ¢) 


td (¢—P3a) 


< 





>, Cl ae 
a= 


tsu (p50—¢) 


et 
>, 


th (¢—Pop) 


th (¢—P1D) 


th (¢—P2D) 


th (¢—P3D) 


<— th (¢—pab) 


th (¢—Ps5pD) 
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In eva-chip mode 


td (¢—Po0a) td (¢—Poar) td (¢—Poar) 





Port PO output 






td (¢—Poq) 


ig 










| tsu (pop- 
Port PO input 


th (¢—PoD) 
td (¢—P1a) td (¢—P1AF) td (¢—-P1aF) 
' Port P41 output > @ ‘a>. 4 
7 td (¢—P1aQ) 






tsu (P1D—¢) 
Port P1 input 


Bil 


<— th (¢—p1p) 
— | td (¢—-P2Q) td (¢—p2a0F) 


> a) 


Port P2 output 






— 
tsu (p20—-¢) 






Port P2 input 


— th (¢—P2p) 


td (¢—-R/w) td (¢—-R/wr) <— td (¢—P3,aF) 


VA |x 


td (¢—P3,Q) 


Port P3) output (R/W) 








td (¢-syNcr) td (¢—P3,QF) 


VA |x 


td (¢—-P3,Q) 


Port P3, output (SYNC) 
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In memory expanding mode and microprocessor mode 


td(¢—Poa) 


Port PO output 


x 
Y, 


td(¢—P1a) 


Port P1 output 


\Z 


td(¢—p2a) td(¢—pear) 


X 


Port P2 output 


\Z 


tsu(p20—¢) 





Port P2 input 





. thc g—p2p) 
td(g—rvw) ; 
a P 
Port P3, output (SYNC) MK || 
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DESCRIPTION 
The M50744-XXXSP and the M50746-XXXSP are single- 
‘ chip microcomputers designed with CMOS silicon gate 


technology. Both are housed in a 64-pin shrink plastic. 


molded DIP (flat package type also available). These sing- 
le-chip microcomputers are useful for business eee 
and other consumer applications. 

In addition to their simple instruction sets, the ROM, RAM, 
and I/O addresses are placed on the same memory map to 
enable easy programming. | 
The differences between the M50744-XXXSP and the 
M50746-XXXSP are noted below. The following explana- 
tions apply to the M50744-XXXSP. Specification variations 
for other chips are noted accordingly. 


[typename —=S=*dsSCi“‘“‘CSC‘CROM™~™C~C*d 
M50744-XXXSP 4096bytes 
M50746-XXXSP 6144bytes 









The differences between the M50744-XXXSP and the 
M50744-XXXFP are the package outline and panes dis- 
sipation ability ebsouule maximum ratings). 


DISTINCTIVE FEATURES 


@ Number of basic instructions:::+:+-re rere Hee 69 
@ Memory size ROM::::::::: 4096 bytes (M50744-XXXSP) 
6144 bytes (M50746-XXXSP) 

RAM eeeeeee Perr e rere eee eee ee ee ee ee eee 144bytes 


@ instruction execution time 
menos: 2us (minimum instructions at 4MHz frequency) 


@ Single power supply f(Xjy)=4MHZ 5V+10% 
@ Power dissipation 
normal operation mode (at 4MHz frequency) -::: 15mW 

@ Subroutine nesting 72 levels (Max.) 

@ Interrupt:- Sipe SR APR Wawwcce Dawe SENSE ROSMAN saae He Sees 6 types, 5 vecters 

@ 8-bit timer---:--: danni eee nite banethes eames udaeraeaneaareawes 3 

@ Programmable I/O (Ports PO, P1, P2, P38, P4) -r 40 
~@ Input ports (Port =) 9 Liane rad aes 8 

@ Output ports (Port P6) Ra eaaaaate WAU A RoR eaainederaeyed y taration a Ries 4 

@ A-D converter:::::::++++++ 8-bit successive approximation 

@ D-A converter 

@ 8-bit PWM function 

@ Watchdog timer 

APPLICATION 


Office automation equipment 
VCR, Tuner, Audio-visual equipment 


PIN CONFIGURATION (TOP VIEW) 


Voc 
Reference AVsg (0V) 
voltage input 
D-A output 


1/O 
PWM output 
port P2 


Output 
port P6 


dSXXX-9VLOSWN 
dSXXX-vryZlOSMn 


\/ 
por P3 |P33/CNTR ++ [22 
PSo/INTs <> 123 aaj +> Pig 
+> Pl; 
: — P5o 
Interrupt input INT. 6 — P5, 
CNVss + P52 
Reset input RESET > a — P5, 
| = P5,/ED, Input 
— P5; /ED; port P5 
— P5¢/EDg 
+ P57/ED; 


Clock input Xin 
Clock output Xour + [30 


Timing output 


P2, +> [8 
P2, ++[59 


M50744-XXXFP 
or 
M50746-XXXFP 


NTR + [5] 


P33/C 


Outline 72P6 





NC : No connection 





a | _ MITSUBISHI 
| ELECTRIC - 


WYLIATS 
IHSISNSLIW 





M50744-XXXSP BLOCK DIAGRAM 


Clock input Clock output Timing output Interrupt input Reset input . ; - (OV) 
Xin Xour (og INT, RESET CNVss 


td 

















~ Clock generating circuit 












Processor 
status 

register 
PS(8) 






Program 
counter 


Program 







Stack pointer 


counter 
S(8) 


PC, (8) 





PC,,(8) 







PRE 12(8) 


le 











































8-bit ae 
arithemetic RAM : : ROM Bes 
and logical 144 bytes ndex 
ai Accumulator y segister Index 4096 bytes 
A(8) x(8) register Y(8) 


CNTR 


anaes 











if 






Pulse aera 
modulator aera 


Neate 
D-A 
ae convertor (5) 


7m D 
aii rtor ( 


COED CQXY)-BH2)-030468 


eres PWM D-A Vacr AVsg ‘Input port PS I/O port P4 1/O port P3 _ Input port P2 I/O port P14 I/O port PO 


Note 1 : 6144 byts for M50746-XXXSP 








AA RRA AB 
mt ia mnie Ht mui 0 
BOBIEIEIED baddies — AN MOVE ach EPESENEOE NEACHEN4 43434 YAMONGTS)—A9E0E NEIOIOIGHES) 


Instruction 
register (8) 


U 


Instruction 
decoder 


Control signal 


| 
: 


YALNdUNOVJONVJIN SOW) LISS dIHD-STONIS 


di/dSXXX-9P7ZOSIN 
dA/dSXXX-pPpZOsin 
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FUNCTIONS OF M50744-XXXSP 


Instruction excution time 2us (minimum instructions at 4MHz frequency) 
4096bytes (6144bytes for M50746-XXXSP) 
Memory size 
144bytes 
I/O ports 
















D 
= 


A 
INT; 
PO, P1, P2, P3, P4 


10 
8-bitX 1 


Subroutine nesting 72 levels (max.) 
Interrupt 2 external interrupts, 3 internal timer interrupts 








1/O characteristics 
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PIN DESCRIPTION 
pte : | 
Functions 
Output 
| Supply voltage - Power supply inputs 5V+10% to Vcc, and OV to Vgs. 


This is usually connected to Vgs. . 


Reset input To enter the reset state, the reset input pin must be kept at a “L” for more than 2us (under normal Voc 
conditions). If more time is needed for the crystal oscillator to stabilize, this “L” condition should be main- 
tained for the required time. 


This chip has an internal clock generating circuit. To control generating frequency, an external ceramic or a 


Clock input 
quartz crystal oscillator is connected between the Xiy and Xour pins. If an external clock is used, the clock 
Clock output Output source should be connected the Xn pin and the Xour pin should be left open. 
Ee | Timing output This is the timing output pin. 
ice Interrupt input input | This is the highest order interrupt input pin. 


Vcc 

Vss 

C : 

RESET 

Xin 

INT, 

AVss Voltage input for A-D This is GND input pin for the A-D and D-A converters. — 

and D-A 
Reference voltage This is reference voltage input pin for the A-D and D-A converters. 

input , 


D-A output Output This is output pin from the D-A converter. 
PWM PWM output This is output pin from the pulse width modulator. 
, The output structure is N-channel open drain. 
POo~~ P07 | !/O port PO Port PO is an 8-bit |/O port with directional registers allowing each I/O bit to be individually programmed as 
input or output. At reset, this port is set to input mode. 
The output structure is N-channel open drain. 
1/O port P1 Port P1 is an 8-bit I/O port and has basically the same functions as port PO. 
P29~P2;7 | I/O port P2 I/O Port P2 is an 8-bit |/O port and has basically the same functions as port PO, but the output structure is 
CMOS output. 
P3o9~P37 | I/O port P3 1/0 Port P3 is an 8-bit |/O port and has basically the same functions as port PO. P83 and P32 work as CNTR pin 
and the lowest interrupt input pin (INT2), respectively. 
P49~~P4, | I/O port P4 Port P4 is an 8-bit [/O port and has basically the same functions as port PO. P44~~ P47 work as analog input 
| port ANs~ANp. 


P59-~P57 | Input port P5 input | Port P5 is an 8-bit input port. P54~P57 can be used as the edge sense inputs. 
P69~P63 | Output port P6 Port P6 is a 4-bit output port. The output structure is N-channel open drain. 
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BASIC FUNCTION BLOCKS 


MEMORY | . 
A memory map for the M50744-XXXSP is shown in Figure 


1. Addresses F000,, to FFFF,, are assigned to the built-in 


ROM area which consists of 4096 bytes. 

Addresses E800;, to FFFF;, are the ROM address area 
assigned to the M50746-XXXSP. : 
Addresses FFO0,, to FFFFig are a special address area 
(special page). By using the special page addressing 
mode of the JSR instruction, subroutines addressed on this 
page can be called with only 2 bytes. Addreeses FFF4¢ to 


Zero page 


OOED:6 


OOF Fi¢ 





E8001 \ OOED,,}Port PS latch - 
F000i¢ ’ | 
\ 
vO OOFO,, } D-A conversion register 
\ 
\ OOF 1,6 } Pulse width modulation register 
: OOF 2, [Successive approximation register 
00F3,,JA-D control register 
FFQOi, \ . 
. \ 0OF4,, | Watchdog timer 
ROM (6144 bytes) . \ 
fo . OFSef 
MB0746-XXXSP_| Rom : OOreof 
for \ 
M50744-XXXSP | Special \ OOF8 6 ) 
page for Seem sf OOF9,,| Timer 1,2 prescaler: 
. 16 1 « 
a 
Timer] ~ \ QOFC,¢}Timer X prescaler 
\ ; 
TimerX — OOFDs6| Timer X 
INT, \ OOFE,, jInterrupt control register: 
~ASSe22 & RESET OOF 
\ 


FFFF ¢ 


Fig.1 Memory map 


mee 7° Q0E0:. 

RAM a 00E11. 
(144 bytes)§ Jv : 00E2¢ 
een 143 ee 00E3r6 

ge 00E4), 

| Not used oe O0E5i¢ 
ge 00E6,, 


‘ Not used 


FFFF,, are vector addresses used for the reset and inter- 
rupts (see interrupt chapter). Addresses 0000,,¢ to OOFF, 
are the zero page address area. By using the zero page 
addressing mode, this area can also be accessed with 2 


- bytes. The use of these addressing methods will greatly re- 


duce the object size required. The RAM, I/O port, timer, 
etc., are assigned to this area. : 

Addresses 0000;, to 008F,, are assigned to the built-in 
RAM and consist of 144 bytes of static RAM. In addition to 
data storage, this RAM is used for the stack during sub- 
routine calls and interrupts. 


Decimal 


Port PO 
Port PO 
Port P1 
Pater. deacon 
PortP2 — 

Port P2 





directional 
register 









directional 
register 


00E7 i, 
00E8;., 
00E9 4, 
\ OOEAi. 
\ OOEBi, 
\ OOEC,, 


Port P3 
Port P3 
Port P4 
Port P4 
Port P5 


directional. 
register 





directional 
register 









65535 
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CENTRAL PROCESSING UNIT (CPU) 


The CPU consists of 6 registers and is shown in Figure 2. 


ACCUMULATOR (A) 

"The 8-bit accumulator (A) is the main register of the micro- 
computer. Data operations such as data transfer, Input/Out- 
put, etc., are executed mainly through accumulator. 


Accumulator 


Index register X 


Index register Y 


Stack pointer 


Program counter 


Fig.2 Register structure 


a 





INDEX REGISTER X (X) 

The index register X is an 8-bit register. 

In the index addressing mode, the value of the OPERAND 
added to the contents of the register X, specifies the real 
address. When the T flag in the processor status register is 
set to “1”, the index register X itself becomes the address 
for the second OPERAND. 


INDEX REGISTER Y (Y) 

The index register Y is an 8-bit register. 

In the index addressing mode, the value of the OPERAND 
added to the contents of the register Y specifies the real 
address. 


7 | 0 
ufvirfefof iz] oy Processor status register 


Carry flag 
Zero flag 


Interrupt disable flag 


Decimal mode flag 


Break flag 


Index X mode flag 
Overflow flag 


Negative flag 
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STACK POINTER (S) 

The stack pointer (S) is an 8-bit register that contains the 
address of the next location in the stack. It is mainly used 
during interrupts and subroutine calls. The stack pointer is 
not automatically initialized after reset and should be initial- 
ized by the program using the TXS instruction. 

The location of the stack can be determined by the stack 
page bit (bit 4 at address OOFF,,). When bit 4 is “0” and 
the contents of the stack pointer is XXj¢, the stack address 
is set to OOXX,,. When bit 4 is “1”, the stack address is set 


to 01XX16. When using this microcomputer in the single-— 


chip mode, the stack page bit must be “0” and the stack 
pointer should be set at the bottom address of the internal 
RAM. 

When an interrupt occurs, the higher 8 bits of the program 
counter are pushed into the stack first, and then the lower 8 
bits of the program counter are pushed into the stack. After 
each byte is pushed into the stack, the stack pointer is de- 
cremented by one. Next, the contents of the processor sta- 
tus register are pushed into the stack. When the return from 
interrupt instruction (RTI) is executed, the program counter 
are processor status register data is pulled off the stack in 
reverse order from above. | 

The Accumulator is never pushed into the stack automati- 
cally. A Push Accumulator instruction (PHA) is provided to 
execute this function. Restoring the Accumulator to its pre- 
vious value is accomplished by the Pull Accumulator in- 
struction (PLA). It is executed in reverse order of the PHA 
instruction. — 

The contents of the Processor Status Register (PS) are 
pushed (pulled) to (from) the stack with the PHP and PLP 
instructions, respectively. Only the program counter is 
pushed into the stack during a subroutine call. Therefore, 
any registers that should not be destroyed should be 
pushed into the stack manually. The RTS instruction is 
used to return from.a SUP ROUEN 


PROGRAM COUNTER (PC) 

The 16-bit program counter consists of two 8-bit registers 
PC, and PC,. The program counter is used to indicate the 
address of the next instruction to be executed. 


PROCESSOR STATUS REGISTER (PS) 

The processor status register is composed entirely of flags 
used to indicate the condition of the processor immediately 
after an operation. Branch operations can be performed by 
testing the Carry flag (C), Zero flag (Z), Overflow flag (V) 
or the Negative flag (N). Each bit of the register is ex- 
plained below. | 


1. Carry flag (C) 

The carry flag contains the carry or borrow generated by 
the Arithmetic and Logical operation Unit (ALU) im- 
mediately after an operation. It also changed by the shift 
and rotate instructions. The set carry (SEC) and clear carry 
(CLC) instructions allow direct access for setting and 


clearing this flag. 


2. Zero flag (Z) . 
This flag is used to indicate if the immediate operation 
generated a zero result or not. If the result is zero, the zero 
flag will be set to “1”. If the result is not zero, the zero flag 
will be set to “0”. 


3. Interrupt disable flag (1 ) 

This flag is used to disable all interrupts. This is accom- 
plished by setting the flag to “1”. When an interrupt, this 
flag is automatically set to “1” to prevent other interrupts 


. from interfering until the current interrupt is completed. The 


SEI and CLI instructions are used to set and clear this flag, 
respectively. 


4. Decimal mode flag (D) 

The decimal mode flag is used to define whether addition 
and subtraction are executed in binary or decimal. If the 
decimal mode flag is set to “1”, the operations are ex- 
ecuted in decimal, if the flag is set to “0”, the operations 
are executed in binary. Decimal correction is automatically 
executed. The SED and CLD instructions are used to set © 
and clear this flag, respectively. . 


5. Break flag (B) 

When the BRK instruction is executed, the same operations 
are performed as in an interrupt. The address of the inter- 
rupt vector of the BRK instruction is the same as that of the 
lowest priority interrupt. The contents of the B flag can be 
checked to determine which condition caused the interrupt. 
If the BRK instruction caused the interrupt, the break flag 
will be “1”, otherwise it will be “0”. 


6. Index X mode flag (T) 

When the T flag is “1”, operations between memories are 
executed directly without passing through the acgumulator. 
Operations between memories involving the accumulator 
are executed when the T flag is “0” (i.e., operation results 
between memories 1 and 2 are stored in the accumulator). 
The address of memory 1 is specified by the contents of 


_ the index register X, and that of memory 2 is specified by 


the normal addressing mode. The SET and CLT instructions 
are used to set and clear the index X mode flag, respec- 
tively. 
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7. Overflow flag (V) 

The overflow flag functions when one byte is added or sub- 
tracted as a signed binary number. When the result ex- 
ceeds +127 or —128, the overflow flag is set to “1”. When 
the BIT instruction is executed, bit 6 of the memory location 
is input to the overflow flag. The overflow flag is reset by 
the CLV instruction and there is no set instruction. 


8. Negative flag (N) 

The negative flag is set whenever the result of a data trans- 
fer or operation is negative (bit 7 is set to “1”). Whenever 
the BIT instruction is executed, bit 7 of the memory location 
is input to the negative flag. There are no instructions for 
directly setting or resetting the negative flag. 


Table 1 Interrupt vector address and priority 


Interrupt Vector address 


RESET 1 FFFF1i¢, FFFEi6 
Timer X FFFBi6,. FFFAie6 
FFF9Q16, FFF8i¢ 


FFF71¢, FFF616 
FFF5i¢, FFF 416 
































Timer 1 
Timer 2 
INT2(BRK) 














Interrupt request 


Fig.3 Interrupt control 





INTERRUPT 

The M50744-XXXSP can be interrupted from seven souces; 
INT,, timer X, timer 1, timer 2, or INT2/BRK instruction. 
However, the INT» pin is used with port P3. and the corres- 


_ ponding directional register bit should be set to “O” when 


P32 is used as an interrupt input pin. 


These interrupts are vectored and their priorities are shown 


in Table 1. Reset is included in this table since it has the 
same functions as the interrupts. 

When an interrupt is accepted, the contents of certain reg- 
isters are pushed into specified locations, (as discussed in 
the stack pointer section) the interrupt disable flag | is set, 
the program jumps to the address specified by the interrupt 
vector, and the interrupt request bit is cleared automatical- 
ly. The reset interrupt is the highest priority interrupt and 
can never be inhibited. Except for the reset interrupt, all in- 
terrupt are inhibited when the interrupt disable flag is set to 
“1”. All of the other interrupts can further be controlled indi- 
vidually via the interrupt control register shown in Figure 3. 
An interrupt is accepted when the interrupt enable bit and 


the interrupt request bit are both “1” and the interrupt dis- 


able flag is “0”. 

The interrupt request bits are set when the following condi- 
tions occur: 

(1) When the INT, or INT. pins go from “H” to “L” 

(2) When the contents of timer X, timer 1, timer 2 go to “O” 
These request bits can be reset by the program but can not 


0 
Ee odd Interrupt control register (Address OOFE,g) 


Bit 7 : INT; pin interrupt request bit 
Bit 6 : INT, pin interrupt enable bit 
Bit5 : Timer 1 interrupt request bit 
Bit 4 : Timer 1 interrupt enable bit 

Bit 3 : Timer 2 interrupt request bit 
Bit 2 > Timer 2 interrupt enable bit 

Bit 1 : INT. pin interrupt request bit 
Bit 0 : INT2 pin interrupt enable bit 


Timer contro! register (Address OOFF,,) 


Bit 7 : Timer X interrupt request bit 
Bit6 : Timer X interrupt enable bit 
Bit5 : Timer X interrupt stop bit 
Bit 4 : Timer stack page bit 

Bit 3,Bit 2 : Timer X mode bits 

Bit 1,Bit 0 ° Processor mode bits 
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be set by the program. However, the interrupt enable bit 
can be set and reset by the program. 

Since the BRK instruction and the INT, interrupt have the 
same vectored address, the contents of the B flag must be 


checked to determine if the BRK instruction caused the in- ~ 


TIMER 


The M50744- XXXSP has three timers; timer X, timer 1, and 


timer 2. Timer X has four modes which can be selected by 
bit 2 and 3 of the timer control register. When the timer X 





‘terrupt or if INT. generated the interrupt. 


Oscillator divider 


Timer mode 
© 
Pulse width measurment 


te 
OD 


_ P33/CNTR Event counter mode 


Pulse output mode 
OO 


< 


aie latch (8 a 


ai 





Fig.4 Block diagram of timer X, timer 1, timer 2 


_ Data bus . 


count stop bit (bit 5) is set to “1”, the timer X will stop re- 
gardless of which mode it is in. A block diagram of timer X, 
timer 1 and timer 2 is shown in Figure 4. 

The P383/CNTR pin cannot be used as CNTR when P93 is 
being used in the normal I/O mode. 

Timer 1 and timer 2 share with a prescaler. This prescaler 
has an 8-bit programmable latch used as a frequency di- 
vider. The division ratio is defined as 1/(n+1), where n is 
the decimal contents of the prescaler latch. All three timers 
are down-count timers which are reloaded from the timer 
latch following the zero cycle of the timer (i.e. the cycle af- 
ter the timer counts to zero). 

The timer interrupt request bit is set to “1” during the next 
clock pulse after the timer reaches zero. The interrupt and 
timer control registers are located at addresses OOFE;, and 
OOFFi¢, respectively (see interrupt section). 

The four modes of timer X as follows: 


-_Data bus 


“Ts latch (8 =a Timer X | Timer X latch (8) ar 


DP). lL ai it X ( 


one 
Timer X count stop bit 
(Bit 5 of address OOFF;.) 


Toggle flip-flop 


to timer X 
interrupt request bit 


— or STP 
instruction 


Timer “Tr latch (8 =a] 


ii 2 ( 


} Timer 1 latch (8) | ir 
to timer 1 


_| 4 | Timer 1 (8) interrupt 
request 


bit 


to timer 2 
interrupt request bit 
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(1) 


Timer mode (00) 

In this mode the clock is driven by the oscillator fre- 
quency divided by 16. When the timer down-counts to 
zero, the timer interrupt request bit is set to “1” and 
the contents of the timer’s latch is reloaded into the 
timer and the counting begins again. 

Pulse output mode [01] 

In this mode, the polarity of the CNTR signal is re- 
versed each time the timer down-counts to zero. 

Event counter mode [10) 

This mode operates in the same manner as the timer 
mode except, the clock source is input to the CNTR 
pin. This mode will allow an interrupt to be generated 
whenever a specified number of external events have 
been generated. The timer down-counts every rising 
edge of the clock sourse. | 

Pulse width measurement mode [11] 

This mode measures the pulse width (between lows) 
input to the CNTR pin. The timer, driven by the oscilla- 
tor frequency divided by 16, continues counting during 
the low cycle of the CNTR pin. When the timer con- 
tents reaches “0”, the interrupt request bitis set to “1”, 
the timer’s reload latch is reloaded and the counting 
resumes. 

The structure of the timer control register is shown in 
Figure 5. 

When the STP instruction is executed, or after reset, 
the prescaler and timer latch are set to FFig and 0146, 
respectively. Also, when the STP instruction is ex- 
ecuted, the oscillator’s frequency (divided by 16) will 
become the counting source, regardless of the timer X 
mode setting. This state will be released when the tim- 
er X interrupt request bit is set to “1.’, or after a reset. 
Timer X will then enter the mode specified by its mode 
bits. For more details on the STP instruction, refer to 
the oscillation circuit section. 





|} | ff | | |] Timer control register (Address OOFF1¢) 


Processor mode bits 
00 : Single-chip mode 
01 > Memory expanding mode 
10 : Microprocessor mode 
11 - Eva-chip mode 


Timer X mode bits 
00 : Timer mode 
01 : Pulse- output mode 
10 : Event counter mode 
11: Pulse width measurment mode 
Stack page bit 
0 : Page 0 
1° Page 1 
Timer X count stop bit 
0 : Count start 
1° Count stop 


Timer X interrupt enable bit 
0 : Interrupt disable 
1 : Interrupt enable 


Timer X interrupt request bit 
0 : No interrupt request 
1 : With interrupt request 


Fig.5 Structure of timer control registe 
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A-D CONVERTER | 

An 8-bit successive approximation method of A-D conver- 
sion is employed providing a precision of +3LSB. A block 
diagram of the A-D convertor is shown in Figure 6. Conver- 
sion is automatic once it is started with the program. 

The four analog inputs are used in common with pins P4,, 
P4,, P4s, and P4, of port 4. Bits 1 and 0 of the A-D control 
regsiter (address 00F3,,) are used to select which pins are 
used for A-D conversion. The input condition is accom- 
plished by setting to “O” the bit in the directional register 
that corresponds to the pin where A-D conversion is to take 
place. Bit 4 of the A-D control regsiter is the A-D conver- 
sion end bit. During A-D conversion, this bit is “0”, and 
upon completion becomes “1”. Thus, it can be ascertained 
whether or not A-D conversion has been completed or not 
by inspecting this bit. The relation between the contents of 
the A-D control register and the selection of input pins are 
shown in Figure 7. | 

The results of the conversion can be found be reading the 
contents of the successive approximation register (address 
OOF2,,) which stores the results of the conversion. The pro- 
cedure for executing A-D conversion is next explained. 
Firstly, the pin that is to be used for the A-D conversion is 
selected by setting bit 1 and bit 0 of the A-D control regis- 
ter. Next, the successive approximation is written to upon 
which the A-D conversion starts. Since actual data is not 


Resistance ladder 


Data bus 


Fig.6 Block diagram of A-D converter 





Successive approximation register 
(Address 00F2,,) 





written to the successive approximation, any type of may be 
written. Simultaneous with its being written, the A-D con- 
version end bit (bit 4 of address 00F3,,) is cleared to “0” 
signifying that A-D conversion operations are being con- 
ducted. A-D conversion completes after 198 clock cycles 
upon which the A-D conversion end bit is set to “1” and the 
results of the conversion can be found in the successive 
approximation. Since the comparator consists of the capaci- 
tive coupled configuration, f (Xiy) is needed larger than 
1MHz during A-D conversion. 


A-D control register (Address 00F3,,) 


Analog input selection bit 
00 : P4,/AN, 
°01 : P45/ANs 
10 : P4g/ANg 
11 > P4,/AN7 


A-D conversion end bit 


0 : A-D conversion in progress 
1 : A-D conversion completed 


Fig.7 Structure of A-D control register 


P4 P4 P4s,  P4, 
TAN; YAN, /ANe ANa 


Comparator and | 


control circuits 


A-D control 


(Address 00F3;¢) 
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D-A CONVERTER voltage V and the content n of the D-A conversion register 
The R-2R method is used for D-A conversion. The block di- is V=Vper X n/32(n=0~31). 

agram is shown in Figure 8. An analog voltage is output that Reset operation clears the contents (n) of the D-A conver- 
corresponds to the contents of the D-A conversion register sion register to Oi. | | | 


_ (address O0FO;,). Ideally, the relation of the analog output 


R-2R ladder 


D-A conversion register (Address O0F0;¢) 





Fig.8 Block diagram of the D-A converter 
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PULSE WIDTH MODULATOR 

The pulse width modulation register (address OOF1;,) is 
configured of an 8-bit counter. The period of repetition is 
4080 clock cycles. With the content of the pulse width mod- 
ulation register m, the PWM pin becomes high-level for the 


01 2 3 


| ' One period of 
| 4080 clock cycles 


Fig.9 Relation between m and PWM output 





period of 4080 X m/255 (m=0~ 255). Figure 9 shows that 
relationship. An N-channel open drain output is used for the 
PWM pin. | 3 


‘Reset sets the content m of the pulse width modulation 


register to 0046.6. 


253 2540 1 2 3 4 
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WATCHDOG TIMER 

The watchdog timer provides the means to return to a reset 
condition when a program runs wild and the program will 
not run the normal loops. 

The watchdog timer (address 00F41,) is a 15-bit counter. 
The watchdog timer counts 1/16th the output frequency of 
the oscillator. The watchdog timer is set to 7FFFi. when a 
reset is accomplished or a write operation has been made 
to it. As well as any of the instructions that generate a write 
signal, such as STA, LDM, and CLB, can be used to write 
data to the watchdog timer. An output of the most signifi- 
cant bits of the watchdog timer is input to the reset circuit. 
When 262144 clock cycles have been counted, the most 
significant bit becomes “0” and reset is carried out. When 
reset is carried out, the watchdog timer is set to 7FFF,, and 
reset is released. The program then begins again from re- 
set vector address. Normally, the program is written so that 
a writing operation is made to the watchdog timer prior to 
the most significant bit's becoming “0”. Application of a + 
10V to the RESET pin will disable the watchdog timer func- 
tion. 

Since execution of the STP instruction causes both the 
clock and the watchdog timer to stop, an option is offered 
where the STP instruciotn can be disabled. 


SYNC 


Address 


8~12 clock cycles 


Fig.10 Timing diagram at reset 


2 X2LK 22S X00. 51K 00.5 KF FFEXE RFE OW AD) 
Data C2 X22 KX 2K 2 KA ADH) 





RESET CIRCUIT | = 
The M50744-XXXSP is reset according to the sequence 
shown in Figure 10. It starts the program from the address . 
formed by using the content of address FFFFi. as the high 
order address and the content of the address FFFF,, as the © 
low order address, when the RESET pin is held at “L” level 
for more than 2us while the power voltage is in the recom- 
mended operating condition and the crystal oscillator 
oscillation is stable and then returned to.“H” level. The in- 
ternal initializations following reset are shown in Figure 11. 
An example of the reset circuit is shown in Figure 12. 

When the power on reset is used, the RESET pin must be 
held “L” until the oscillation of Xiy-Xoyr becomes stable. 


Reset address retrieved 
from the vector table 


Note 1: The relationship of frequency between f(x,,) and is f(x,y) =4°¢. 


2: A question mark (? ) means that the address is changeable de- 


pending on the previous state. 
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' Address Power on 
M50744-XXXSP 

(1) Port PO directional register( E 1 46 
(2) Port P1 directional register( E 3 46. RESET Voc 
(3) Port P2 directional register( E 54. 
(4) Port P3 directional register( E 9 ia 


(5) Port P4 directional register( E Big 


(6) Port 6 (Note 1) ( EE, 


(7) D-A conversion register F O46 M50744-XXXSP 


(8) Pulse width modulation 
register 


1 (9) Watchdog timer 


RESET Vec Supply voltage 


ae ee detection circuit 


(10) Prescaler 


(11) Timer X 


| 
| 
| 
| 
| 
I 
(12) Interrupt control register ! 
| 


(13) Timer control register ( 





(14) Processor status register ( 
(only the interrupt disable 
flag is set.) 


(15) Program counter CR Cy ja ee ee FFFF ye 


Contents of 
CoP Ce address FFFF 1 


S| 3 

| rei 2 
| o | 
| 2 | 


Fig.12 Example of reset circuit 


Note 1: Port P6 is the high-impedance state during reset. 
After return from reset, it is “FF,,”. 





Fig.11 Internal state of microcomputer at reset 
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/O PORTS 


(1) 


Port PO | 

Port PO is an 8-bit I/O port with N-channel open drain 
output. 

As shown in the memory map (Figure 1), port PO can 
be accessed at zero page memory address OOE04¢. 
Port PO has a directional register (address 00E1,¢) 
which can be used to program each individual bit as 
input (“O”) or as output (“1”). If the pins are program- 
med as output, the output data is latched to the port 
register and then output. When data is read from the 


such instructions as LDM and CLB to write a “0” to the 
latch. When OOED,, is read, the lower order 4 bits are 
always zero. | 

When port P5 is used as level sence input, read the 
contents of the address O0ECj.. — 

Port P6 

Port P6 is a 4-bit output port. It has N-channel open 
drain output. See Figure 13 for more details. 

Clock ¢ output pin . 

In normal conditions, the oscillator frequency divided 
by four is output as ¢. 











output port the output pin level is not read, only the (9) INT, pin- _ 
latched data in the port register is read. This allows a The INT, pin is an interrupt input pin. The INT, inter- 
previously output value to be read correctly even rupt request bit (bit 7 at address OOFE;,) is set to “1” 
though the output voltage level is shifted up or down. when the input level of this pin changes from “H” to 
Pins set as input are in the floating state and the signal “Le oe 
levels can thus be read. When data is written into the _—10)_—«INT2 pin (P32/INT> pin) 
input port, the data is latched only to the port latch and The INT2 pin is an interrupt input pin used with P3.. To 
the pin still remains in the floating state. _ use this pin as an interrupt pin, set the corresponding 
Depending on the contents of the processor status reg- bit in the directional register to input (“0”). When this 
ister (bit O and bit 1 at address OOFF,,), four different signal level changes from “H” to “L", the interrupt re- 
modes can be selected; single-chip mode, memory ex- quest bit (bit 1 at address OOFE;¢) is set to “1”. 
panding mode, microprocessor mode and eva-chip (11) CNTR pin (P33/CNTR pin) 
mode. These modes (excluding single-chip mode) The P383/CNTR pin is an I/O pin of timer X. To use this 
have a multiplexed address output function in addition pin as the timer X input pin, set the corresponding 
to the I/O function. For more details, see the processor directional register bit to input (“0”). In the event coun- 
mode information. ter mode, CNTR becomes the input pin of the external 
(2) Port P1 pulse. In the pulse output mode, the CNTR output 
In the single-chip mode, port P1 has the same function changes polarity each time the contents of timer X 
as PO. In the other modes, P1’s functions are slighity goes to “0”. In the pulse width measurement mode, the 
different from PO’s. For more details, see the processor pulse to be measured is input to this pin. 
mode information. 
(3) Port P2 
In the single-chip mode, port P2 has the same function 
as PO, but it has CMOS output. In the other modes, 
P2’s functions are slightly different from PO's. 
For more details, see the processor mode information. 
(4) Port P3 -& 
In the single-chip mode, port P3 has the same function 
as PO. In the other modes, P3’s functions are slightly 
different from PO’s. Port P3 can also be used as INT> 
and |/O pins for timer X. For more details, see the pro- 
cessor mode information. 
(5) Port P4 
Port P4 has the same function as port PO in the sinale- 
chip mode. But P4; through P4, can also be used as 
analog input pins AN7 through ANg,. 
(6) Port P5 
Port P5 is an input port. P5, through P57 can also be 
used as edge sence inputs. In such a case, reading is 
begun from OOED;5. OOED,, is provided with a latch 
which is set to “1” when the input changes from high- 
level to low-level. The input pulse width must be at 
least 7 clock cycle wide. The latch is reset by using 
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Ports PO, P1, P3, P4 







Data directional 


So 





N-channel! open drain output 







Ports PO, P1, P3, P4 


~ register Zs 







Data bus -— Port latch ae 
eet 
Note : P3 is used both as a timer input/output pin and an interrupt in- 
put pin. 
P4 is used as an analog input pin. 
Port P2 
Data directional 
er 
Data bus Port latch 
Port P5 
Port P5 
PWM | , | N-channel open drain output 
; mail PWM 
Port P6 
| N-channel open drain output 
Data bus Port latch 1 ore 
1) % 


CMOS output 





fig 


Fig.13 . Block diagram of port PO~P6 (single-chip mode) and ¢ output format 
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PROCESSOR MODE 
By changing the contents of the processor mode bit (bit 0 
and 1 at address OOFF,,), four different operation modes 
can be selected; single-chip mode, memory expanding 
mode, microprocessor mode and evaluation chip (eva- 
chip) mode. In the memory expanding mode, microp- 
rocessor mode and eva-chip mode, ports PO~ P3 can be 
used as multiplexed I/O for address, data and control sig- 
nals, as well as the normal functions of the I/O ports. 
’ Figure 15 shows the functions of ports PO~P3. 
The memory map for the single-chip mode is illustrated in 
Figure 1 and for other modes, in Figure 14. 
By connecting CNVss to Vss, all four modes can be 
selected through software by changing the processor mode 
bits. Connecting CNVss to Voc automatically forces the 
microcomputer into microprocessor mode. Supplying 10V to 
CNVss places the microcomputer in the eva-chip mode. 
The four different modes are explained as follows: 


(Note 1) 


Internal RAM 


Memory expanding Eva-chip mode Microprocessor 
mode mode 
The shaded area is external 


Note 1: E800;, for M50746-XXXSP memory area. 





Fig.14 External memory area in processor mode 


(1) Single-chip mode (00): 

The microcomputer will automatically be in the single- 
chip mode when started from reset, if CNVss is con- 
nected to Vss. Ports PO~ P3 will work as original I/O 
ports. 

(2) Memory expanding mode (01) | 

The microcomputer will be placed in the memory ex- 
panding mode when CNVsg is connected to Vss and 
the processor mode bits are set to “01”. This mode is 
used to add external memory when the internal mem- 
ory is not sufficient. 
In this mode, port PO and port P1 are as a system 
address bus and the original I/O pin function is lost. 
Port P2 becomes the data bus of D7~ Dg (including in- 
struction code) and loses its normal I/O functions. Pins 
P3, and P3, output the SYNC and R/W control signals, 
respectively when ¢ enters into the “H” state. Port P3, 
functions as an input port during this same transition. 

(3) Microprocessor mode (10) | 
After connecting CNVss to Vcc and initiating a reset, 
the microcomputer will automatically default to this 
mode. | 
In this mode, port PO and P1 are used as the system 
address bus and the original function of the I/O pins is 
lost. Port P2 becomes the databus (D7~D,) and loses 
its normal I/O functions. Port P3, and P3, become the 
SYNC and R/W pins, respectively and the normal I/O 
functions are lost. 

(4) Eva-chip mode [11] 

When 10V is supplied to CNVsg pin, the microcomputer 
is forced into the eva-chip mode. The main purpose of 
this mode is to evaluate ROM programs prior to mask- 
ing them into the microcomputer’s internal ROM. 

In this mode, the internal ROM is inhibited so the ex- 
ternal memory is requierd. 

The lower 8 bits of address data for port PO is output 
when ¢goes to “H” state. When ¢goes to the “L” 
state, PO retains its original |/O functions. 

Port P1’s higher 8 bits of address data are output when 
¢ goes to “H” state and as it changes back to the “L” 
state it retains its original |/O functions. Port P2 retains 
its original |/O functions while ¢is at the “H” state, and 
works as a data bus of D7~ Dg (including instruction 
code) while at the “L” state. Pins P3, and P39 output 
the SYNC and R/W contro! signals, respectively while 
¢? is in the “H” state. When in the “L” state, P3, and P3, 
retain their original I/O function. . 

The R/W output is used to read/write from/to the out- 
side. When this pin is in the “H” state, the CPU reads 
data, and when in the “L” state, the CPU writes data. 
The SYNC is a synchronous signal which goes to the 
“H” state when it fetches the OP CODE. | 
The relationship between the input level of CNVss and 
the processor mode is shown in Table 2. 





MITSUBISHL ts | cee 
ELECTRIC | 








MITSUBISHI MICROCOMPUTERS 


M50744-XXXSP/FP 
M5S0746-XXXSP/FP 


SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 










Microprocessing 
mode 










Eva-chip mode 


















Port PO Ports PO7~P0p5 


X I/O port | . 


Ports PO;~ PO, 


Address 





Ports PO7~P05) 


Address A7~Ao 


Same as left 





















Port P1 Ports P17~P 19 


x I/O port . 
F rT [ 


Ports P17~P15 


Address 


Ports P17~P19 ‘Same as left 


Address Ais~Ag_ - 








































Port P2- Ports P27~P2 Ports P27~P2o Ports P27~P2o Same as left 
a ao 
Ports P37~P3p Ports P37~P3. | Ports P37;~P3, 
X I/O port . X 1/O port | X 1/O port 
Port P3, Port P3, 
Port PS . AS j\f oo. . Same as left 
A YN A 1/0 port A A SYNCS A 
Port P3p peso 





Fig.15 Processor mode and functions of Ports PO~P3 


Table 2 Relationship between CNVsg pin input level and processor mode 


Mode Explanation 


Vss * Single-chip mode The single-chip mode is set by the reset. 
* Memory expanding mode All modes can be selected by changing the processor mode bit with the program. 





* Eva-chip mode 
* Microprocessor mode 





Voc * Eva-chip mode The microprocessor mode is set by the reset. 
_ © Microprocessor mode | Eva-chip mode can be also selected by changing the processor mode bit with the program. 


10V * Eva-chip mode Eva-chip mode only. 
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CLOCK GENERATING CIRCUIT 

The built-in clock generating circuits are shown in Figure 
18. 

When the STP instruction is executed, the oscillation of in- 
ternal clock ¢is stopped in the “H” state. 

Also, the prescaler X and timer X are loaded with FF, and 
0116, respectively. The oscillator (dividing by 16) is then 
connected to the prescaler input. This connection is cleard 
when timer X overflows or the reset is in, as discussed in 
the timer section. 

The oscillator is restarted when an interrupt is accepted. 
However, the internal clock ¢keeps its “H” level until timer 
X overflows. 

This is because the oscillator needs a set-up period if a 
ceramic or a quartz crystal oscillator is used. 

When the WIT instruction is executed, the internal clock ¢ 
stops in the “H” level but the oscillator continues running. 
_ This wait state is cleared when an interrupt is accepted. 
Since the oscillation does not stop, the next instructions are 
executed at once. 

To return from the stop or the wait status, the interrupt en- 
able bit must be set to “1” before executing STP or WIT in- 
struction. Especially, to return from the stop status, the tim- 
er X count stop bit (bit 5 of address OOFF,,) must be set to 
“0” before executing STP instruction. 

The circuit example using a ceramic oscillator (or a quartz 
crystal oscillator) is shown in Figure 16. 

The constant capacitance will differ depending on which 
oscillator is used, and should be set to the manufactures 


Interrupt 
request 


Interrupt 
disable flag | 


STP instruction 
(option) 


Fig.18 Block diagram of the clock generating circuit 





Prescaler X 


Timer X count stop bit 





MITSUBISHI MICROCOMPUTERS 


M50744-XXXSP/FP 
M50746-XXXSP/FP 





M50744-XXXSP 


Fig.16 External ceramic resonator circuit 


M50744-XXXSP 
XIN Xout 
29] - 


External 
oscillating 
circuit 





Fig.17 External clock input circuit 


suggested value. 
The example of external clock uasge is shown in Figure 17. 
Xin is the input, and Xoyrz is open. 


STP instruction 
(option) 


Internal clock ¢ 


Overflow 


Timer X | 
| | | 

: | 

21] 
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PROGRAMMING NOTES . 

(1) The frequency ratio of the timer and the prescaler is 
AGE T se. om. 2 : | 

(2) Even though the BBC and BBS instructions are ex- 
ecuted after the interrupt request bits are modified (by 
the program), those instructions are only valid for the 

~ contents before the modification. Also, at least one in- 
struction cycle must be used (such as a NOP) between 
the modification of the interrupt request bits and the 
execution of the BBC and BBS instructions. 

(3) Reading the timer and prescaler must be avoided 
while the input to the prescaler is changing. 

(4) After the ADC and SBC instructions are executed (in 
decimal mode), one instruction cycle (such as a NOP) 
is needed before the SEC, CLC, or CLD instructions 
are executed. . 

(5) A NOP instruction must be used after the execution of 
a PLP instruction. 

(6) Since the comparator consists of the capacitive cou- 
| pled configuration, f(Xiy) is needed lager than 1MHz 
during A-D conversion. And during A-D conversion, 
don’t use STP or WIT instruction. 


DATA REQUIRED FOR MASK ORDERING 
Please send the following data for mask orders. 

(1) mask ROM confirmation form 

(2) mark specification form 


(3) =1@)\V ike F- | (- Re EPROM 8sets 
Write the following option on the mask ROM confirmation 
form 


° STP instruction option 
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ABSOLUTE MAXIMUM RATINGS 


Supply voltage 










ee 
ee 


a 
V; Input voltage Xin 
V; Input voltage P29>~P27, P44,~P47 
" Input voltage POo~P07, Plo~P17, P3a~P37, P4o~P43, | With respect to Vss 
P59~ P57, INT; With the output transistor cut-off 
Vo 
















Input voltage CNVss, RESET | —0.3~13 
Output voltage P29~P27, P44~P4z, Xour, ¢, D-A- —0.3~Vect0. 3 


Output voltage POg~P07, Plip~P17, P89 ~P37, P4o9~P4s3, 0.313 
P6y~P63, PWM : 


Peg | Power desipaton —SSSSSC*d ja00(Note 1) | __muw 
Operating temperature —10~70 Cc 
—40~125 ms 


Note 1 : 300mW for QFP types 








RECOMMENDED OPERATING CONDITIONS (Vcc=5V+10%, Ta=—10~70, unless otherwise noted) 


Parameter 


Supply voltage 


ss 
VReEF Reference voltage 


“H” input voltage POg~P07, Pig ~P17, P29~P2z, 

Vin P89~P37, P4g~P47, P59~P57, 
INT,, RESET, Xin, CNVss 

“L” input voltage POg~P07, Plp~P17, P29~P27, 
Vit P39 P37, P49 ~P47, P59~P57, 
INT;, CNVsg 
Vit “L” input voltage RESET 
Vib “L” input voltage Xin 








“L” peak output current POg~P07, P1o~P17, 
lou(peak) P29~P27, P3y~P3r, 

| P4o~P47, PWM (Note 3 ) 
lo(peak)| “L” peak output current P69>~P63 (Note 3 ) 





“L” average output current POg~PO07, Plo~P17, 
lov(avg) P29~P27, P39~P3z, 
P49~P47, PWM (Note 2 ) 


Note 2 : The average output currents loi(avg) and lou(avg) are the average value of a period of 100ms. 
3 : Do not allow the combined low- level output current of ports PO, P1, P2, P3, P4, P6, and PWM to 
exceed 80mA. 
Do not allow the combined high- level output-current of port P2 to exceed 50mA. 
4 : “H” input voltage of ports’ PO, P1, P3, P49~P43, P5 and INT, is available up to +12V. 
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ELECTRICAL CHARACTERISTICS (1a=25'C, Vec=5V, Vss=0V, fixy)=4MHz, unless otherwise noted) 






Vou 


Voit 


Voit 


Nhe 










Vou. 


; VRAM 


Vr+—Vr- 


“L” input current INT;, RESET, Xin 








“H” output voltage P29>~P27 





“H” output voltage ¢ 


“L” output voltage POo~P07, P19p~P17, P29~P27, 
P3o~ P37, P49~ P47, P69~ P63, PWM 





“L” output voltage ¢ 
Hysteresis INT, 
Hysteresis P3. 
Hysteresis RESET 
Hysteresis Xin 








“L” input current POg~PO07, Plo~P17, P29~P27, 
P39~ P37, P49~ P47, P5o~ P57, 


P69~ P63, PWM 


“H” input current POg~P07, P1op~P17, P390~P3;, 
~ P4g~P43, P5g~P57, P6p~P63, PWM 





“H” input current INT;, RESET, Xin, P29~P2z, 
P44~ P47 


Supply current 















lon= —10mA 
lon= —2.5mA 


When used as INT? input 
| Vr-—Vr— | Hysteresis P33 When used as CNTR input. 





V,=12V 
=5V | 


RAM retention voltage When clock disabled 









f(xy) =4MHz 3 anh 
%, Xour, and D-A pins | Square wave 
opened, other pins at | at clock stop 
| Vss, and A-D conver- Ta=25C aa 
ter in the finished 
die at clock stop 10 uk 
condition. 
Ta=/5°C 








= oO ol 





' ‘Limits 


U 

Min. punt 
3 
3 


nit 
Typ. Max. 
V 


oon ro) 
or| w | w 
2 
qj} 


S}|° 
o1Im™N —)— 1M 


Ss) 


Ne) 
Ro POR Te g 
> > |> > 


; 





A-D CONVERTER CHARACTERISTICS (1a=25°. Vcc=5V, Vss=0V, fcx),)9=4MHz, unless otherwise noted) 


Symbol 


VreF 
Via. 


Parameter — 


Resolution 


Test conditions 


Vrer=Vec 


Absolute precision | Vrer=Vcc, with the output transistor cut-off 
Ladder resistance Vrer—Vec 
| 


Reference voltage 
Analog input voltage 


Ne) 
< —s 
29 ISlo 
<b 


Limits 
Typ 


= 
5 
<= 
2 
x 
g 
= 


. 
w 
= 
7) 


I+ 
WwW 








ol 
; 
on 





O}nm 
< 

D 

m 

n 

< 


D-A CONVERTER CHARACTERISTICS (Ta=25C, Vec=5V, Vss=OV, fcx,,)=4MHz, unless snes noted) 









Vrer 





Symbol 


pasa | Min 


Vaer=Voo 
Vrer— Vcc, with the output transistor cut-off. 


-Reference voltage | 
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TIMING REQUIREMENTS 
Single-chip mode (Ta=25C, Voc=5V110%, Vss=OV, fix,y)=4MHz, unless otherwise noted) 
Limits 


Symbol Parameter Unit 
Min. Typ. 


tsu(pop—¢) Port PO input setup time P= 270) 
tsu(p1D—¢) Port P1 input setup time . 270 P| 





th( ¢—pop) Port PO input hold time 20 


a 

cae 

el 

[eee al 

| 

thi ¢—PspD) Port P5 input hold time 20 Hs ae 
eee ate 

75 = 

La 

Loe 


© 
a 


=) 


5 
nn 2) 


S 





= =) 
no n n 


a} 


Cc 

W External clock input pulse width R275. | 

r External clock rise-time Mt acal 
External clock fall-time be ned 


rf 


tf 


Eva-chip mode (Ta=25C, Voc=5V+10%, Vss=OV, fix,,9=4MHz, unless otherwise noted) 




















: | 

Se er ar cass 6 aie a 
tsu(pip—¢) | Port P1 input setup time 270 ees oe 
tsu(p2D—¢) Port P2 input setup time 270 Fs 
thig—poo) _| Port PO input hold time 2; &2| | ns | 
th(¢—P1p) Port P1 input hold time | 20] #| | ons | 
thig—p2p) _| Port P2 input hold time i ee ee ee 





Memory expanding and microprocessor modes 
(Ta=25, Vec=5V410%, Vss=0V, f(x) =4MHz, unless otherwise noted) 





Symbol Parameter 





tsu(p2D—¢) Port P2 input setup time 








thi ¢—p2p) Port P2 input hold time 
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SWITCHING CHARACTERISTICS 


Single-chip mode (Ta=25C, Vec=5V+10%, Vss=0V, f(xy) =4MHz, unless otherwise noted) 


Port P6 data output delay time 














Limits 


y 





Test conditions Unit 


4 


N 
W 
Oo 
a 
n” 


=) 
ge) 

= 
se¥) 

x 


Ww 
oO 
a 
n 


NOTED 
W 
oO 









N 


NO]; Nh 
WW Ww 
O};O;oO 
=] 
” 











Eva-chip Mode (Ta=25C, Veoc=5V410%, Vss=OV, f(xiy)=4MHz, unless otherwise noted) 


Symbol Parameter Test conditions mt Unit 


Port PO address output delay time ae 250 

td(¢—poar) | Port PO address output delay time P| 250 

Port PO data output delay time P| \ 200 

Port PO data output delay time Ree . 200 
; Fig. 19 

Port P1 address output delay time P| 250 














> |5 
nn 





=) 
7) 





Port P1 address output delay time 50 
Port P1 data output delay time 


td(¢—P1aF) Port P1 data output delay time 


; 
=) 
n 


NO 
ol 
oO 
DS /D I/D ya ]S5 =) 
A|nNI1Nn |Hn n 


ns 


A 
oO 
oO 


pe) 
oOo 
oO 


ns 


td(¢—p2aQ) Port P2 data output delay time ns 


td(¢—pzar) | Port P2 data output delay time 


=) 
no 


W]w 
oO;oO 
oO;}oO 


“tqcg—rvw) | R/W signal output delay time 


NO 
Ol 
(en) 


td(¢—R/WF) R/W signal output delay time 






td( ¢—P3)a) Port P3 data output delay time 


n 





td(¢—p3,ar) | Port P3 data output delay time 0 


NO ER 
O1oO 
jo) 


N 
ol 
oO 


td(¢—sync) | SYNC signal output delay time 


td(g—syncr) | SYNC signal output delay time 250 





Oo 
oO 


td(¢—P3,Q) Port P3, data output delay time 





N 
(o) 
(o) 





td(¢g—ps,ar) | Port P3; data output delay time 


Memory expanding and microprocessor modes 
; (Ta=25C, Voc=5V410%, Vss=OV, fix) =4MHz, unless otherwise noted) 


Port PO address output delay time 


Port P1 address output delay time 
td(g—p2zaq) | Port P2 data output delay time 
Port P2 data output delay time 
R/W signal output delay time 
SYNC signal output delay time 


a 
© 
wo 





Fig.19 Ports PO, P1, P3, P4, P6 test circuit  Fig.20 Port P2 test circuit. 
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TIMING DIAGRAMS 


In single-chip mode ¢ 





td (¢—poa) 


Port PO output C 


>. Ga 


th (¢—Pop) 
td (¢—P1Q) 
tsu (P1D—¢) 
Port P1 input 
| th (¢—P1D) 
td (¢—p2a) 
tsu (p20—-¢) . 
Port P2 input 
| th (¢—P2c 
td (¢—P3aQ) 


tsu (pop—¢) 


Port PO input 


Port P3 output 


tsu (p3p—¢) 
_ ee 


th (¢—p3D) 
. td (¢—-Paq) 


tsu (pap—¢) 


mM 


Port P4 input 





<— th (¢—pap) 


tsu (psp—¢) 


th (¢—PsD) 
td (¢—P6a) . 
ME 


Port P5 input 


Port P6 output 


fx,.) 
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In eva-chip mode 













td (¢—Poar) 


td (¢—Poa) cal td (¢—PoaF) 
* aa | - td (¢-Poa) . 
' Port PO input 
: th (¢-Pop) 
td (¢—P10F) 


Port P1 output” 


Port P1 input: © 
Port P2 output 


’ Port P2 input’ | 
— th (¢—-p20) 
<— td (¢—payar) 


Port P3y output (R/W) 


td (¢—P3,0F) 


. 4 | . = Me td (¢—P3,Q) 


Port P3, output (SYNC) 
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In memory expanding mode and microprocessor mode 


Port PO output 


Port P1 output 


Port P2 output 


Port P2 input 


Port P3, output (R/W) 


Port P3, output (SYNC) 








td (¢—P2aF) 
th (¢—p2p) 
td (¢—R/w) | 
> Ge ee 
mx ar > 
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DESCRIPTION 

~The M50745-XXXSP is a single-chip microcomputer de- 
signed with CMOS silicon gate technology. It is housed in a 
64-pin shrink plastic molded DIP (flat package type also 
available) . This single-chip microcomputer is useful for 
business equipment and other consumer applications. | 

In addition to its simple instruction sets, the ROM, RAM, 
and I/O addresses are placed on the same memory map to 
enable easy programming. | 
The differences between the M50745-XXXSP and the 


M50745-XXXFP. are the package outline and power dis- 


sipation ability (absolute maximum ratings). 


DISTINCTIVE FEATURES 


@ Number of basic instructions::::::+::1+rsreerrereeer eee eeeees 69 
®& Memory size ROM Comm eee rr rence secceeereseseeeeere 61 44 bytes 
RAM weer wes enevccnce “yeees seen eeeeeeeeeees 192 bytes 


@ Instruction execution time 


mene: 2us (minimum instructions at 4MHz frequency) 


@ Single power supply f(Xin)=4MHZ eee 5V+10% 
@ Power dissipation 

normal operation mode (at 4MHz frequency) --:-15mW 
@ Subroutine nesting sree 96 levels (Max.) 
@ Interrupts rrcrrreeee resets ete eee eect eens 67 types, 5 vecters 
@ 8-bit timers 3 (2 when used as serial I/O) 
@ Programmable I/O (Ports PO, P1, P2, P83, P4) -s: 40 
® Input ports (Port P5) Vat Sena we Renee sale weeeae see ear iva ReraiegaN Sys hee 8 
@® Serial |/O (8-bit) -rrere eee Wavucwedeeesisarwendeesesneunnetas et 1 
APPLICATION 


Office automation equipment 
VCR, Tuner, Audio-visual equipment 


\ 
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| PIN CONFIGURATION (TOP VIEW) 


; | Ir +11] 164] <> P4, 
I/O port P4 < p4, «> ipa, 
ial ag ++ P45 > 1/0 port P4 
/0 port P2 an Ly ++ P4g | 
P25 +> <> P4, 
NC Vee 
NC NC 
P2, ++ 19 | ++ PO, 
P2, +> [10 > PO, 
ante ++ PO, 
1/O port P2 
22+ ++ PO, 
P2,+ ee PO, 1/O port PO 
Plo < +> PO; 
P3;/Sroy iS) + PO; 
P3,/CLK «> = ++ PO, 
P3./Sour + x Pi, ) 
1/0 port J P34/Sin + Ss + PI, | 
P3 P33 + ¢ +> P15 
P32 + + Pt, 
P3, +> oe P1, I/O port P1 
oor ++ Pls 
Timer |/O CNTR +P, 
Interrupt input INT, = +> Pilz 
INT2 > + P5, 
| CNVss e=P5y ||| « 
Reset input RESET — — PS, 
Clock input Xin > — P5, 
Clock output = Xour + +~ P5, Input port PS 
Timing output o— — P5, 
en RESETour —-PS¢ | 
Vss + P5, | 


























+ P5, 

— P55 

= P53 

— P5, 

<F P55 

— P56 

aad P57 
Vss - 

— RESETour © 

— Xour > 

— Xin 

+~ RESET 
CNVss 





M50745-XXXFP 








P34/Sin + [2] 





P35/Sourt + [2| 





NC : No connection 


Outline 60P6 





_ MITSUBISHI 


2—108 


. ELECTRIC 


914103714 @ 
IHSISNSLIW 


4 


601 





M50745-XXXSP BLOCK DIAGRAM 


Clock Clock Timing - Reset Interrupt Interrupt 
input output’ output output input input Reset input (5v) at; (Ov) 
Xin Xout ¢ RESETour _INT2 INT, RESET Vcc Vss CNVss 





a a el ae 
al 


192bytes Program Program 
counter counter 
PC,,(8) PC, (8) 







Clock generating circuit 












reqgister (8) 





Instruction 
decoder 










8-bit 
arithemetic 
and 
logical 
unit 


Accumulator iced Index Index Stack 
A(8) register PS(8) register X(8) register Y(8 pointer S(8 


Cie ia a 


i 
t 
Instruction 
| 
! 











P5(8) P4(8)) 
Bi 
a zo 
ALO BIU — CCN VOD—- — TIVO GOQGIKXILDOKVOVBDSIBDEH-- 
ee aapabh port P 1/0 port P4 0 port sort P30 10 p port oT ae OS tae port P1- eee port <r - Sd a 


Timer I/O - 


| 

| 

| 

| 
P3 | Pats) a8) SPH) p POs) i: | 

| 

| 


YALNGWODOUDIW SOW) LIE-8 dIHD-ATINIS 





YALNdMWODONDIW IHSISNSLIW 
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FUNCTIONS OF M50745-XXXSP _ 


Number of basic instructions 










Functions 
69 


Instruction execution time. 2us (Minimum instructions, at 4MHz frequency) 

Memory size ; 
INT;, INT; 1-bitX2 

PO, P1, P2, P3, P4 | vO 8-bitX5 (Part of P3 are in common with serial |/O 











Input/Output port 








0 i 
(ee de eR ee 
= 
Timers | | 
Citempts Tt etoile tn tort Cor te, sonal VOX) 
12V (Ports PO, P1, P2, P3, P4, P5, INT;, INTz, CNTR) 


Input/Output characteristics 
Output current 5mA (Ports PO, P1, P2, P3, P4) 


) 
8-bit prescalerX2+8-bit timerX3 (2 when serial !/O is used) 


Operating temperature range —10~70°C 

M50745-XXXSP 64-pin shrink plastic molded DIP 
Package - 

M50745-XXXFP 60-pin plastic molded QFP 
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PIN DESCRIPTION 


inpatd ; 
: Functions 
Output 


_ Power supply inputs 5V+10% to Vcc, and OV to Vss. 
a This is usually connected to Vss. 


To enter the reset state, the reset input pin must be kept at a “L” for more than 2us (under normal Vcc 
conditions). If more time is for the crystal oscillator to stabilize, this “L” condition should be maintained for 
the required time. : 


This chip has an internal clock generating circuit. To control generating frequency, an external ceramic or a 


ef renews 
= 


quartz crystal oscillator is connected between the Xin and Xour pins. If an external clock is used, the clock 
source should be connected the Xn pin and the Xour pin should be left open. 


Interrupt input 
Interrupt ingut 


I/O port i 


This is the highest order interrupt input pin. 
This is the lowest order interrupt input pin. 


Port PO is an 8-bit I/O port with directional registers allowing each I/O bit to be individually serained: as 
input or output. At reset, this port is set to input mode. 
The output structure is N-channel open drain. 


Plg~P17 | I/O port P1 vO Port P1 is an 1 8- bit I/O port and has basically the same functions as port PO. 
P29~P2;7 | I/O port P2 <s Port P2 is an 8-bit 1/O port and has basically the same functions as port PO. 


P39~P37 | I/O port P3 Port P3 is an 8-bit I/O port and has basically the same functions as port PO. When serial I/O is used, P37, 


P3,, P35, and P34 work as Srpy, CLK, Sout, and Six pins, respectively. 
P49~P4, | I/O port P4 


P59~ P57 faut port P5 Port P5 is an 8-bit input port. 
RESETourt aE) This pin outputs the reset signa! for peripheral devices. 


Port P4 is an 8-bit I/O port and has basically the same functions as port PO, but the output structure is P- 
channel open drain. 
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BASIC FUNCTION BLOCKS 


MEMORY | | | : 
A memory map for the M50745-XXXSP is shown in Figure 
1. Addresses E800;,¢ to FFFF,, are assigned to the built-in 
ROM area which consists of 6144 bytes. . 

Addresses FFO0,, to FFFFig are a special address area 
(special page). By using the special page addressing 
mode of the JSR instruction, subroutines addressed on this 
page can be called with only 2 bytes. Addreeses FFF4;. to 


rupts (see interrupt chapter). Addresses 00001. to OOFFj., 
are the zero page address area. By using the zero page 
addressing mode, this area can also be accessed with 2. 
bytes. The use of these addressing methods will greatly re- 
duce the object size required. The RAM, I/O port, timer, 
etc., are assigned to this area. | 

Addresses 0000,, to OOBF,, are assigned to the built-in 
RAM and consist of 192 bytes of static RAM. In addition to 
data storage, this RAM is used for the stack during sub- 
routine calls and interrupts. - 


FFFF,, are vector addresses used for the reset and inter- 


Decimal 
,” 00E0,6] Port PO 
00E 116 
00E2,,} Port P1 


00E4,,| Port P2 
Not used | 00E5,,| Port P2 fagister = 


RAM 
(192bytes) 


Zero page 


OOE7 i. 


00E8,,| Port P3 | 
00E9,,| Port P3 ssn! 


directional 


OOEB,,| Port P4 register 
OOED,, 
 QOEE,, 
OOEF i 
00OF0,, 
00F 146 
OOF 246 
00F 316 


00F 6c 
OOF8.6) 
OOF9,, 4 Timer 1,2 prescaler 


OOF Aig 
Timer X OOFD,¢ 


INT, OOF Ey, | Interrupt contro! register 
_ RESET . \ OOFF,, | Timer control register 
\ 


65535 


Not used 


ROM 


page for 
subroutine 


call 


_ —_——. \ 
Address L . INT» 
Address H \ 
Address L : \ 
Address H S$ !/O or Timer 2 \ 
Address L . 

Address H Timer 1 
Address L 
Address H 


Address L 
Address H ; 
Address L 

' Address H 





_ Fig.1 Memory map 
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CENTRAL PROCESSING UNIT (CPU) 


The CPU consists of 6 registers and is shown in Figure 2. 


ACCUMULATOR (A) | 

The 8-bit accumulator (A) is the main register of the micro- 
computer. Data operations such as data transfer, Input/Out- 
put, etc., are executed mainly through. accumulator. 


, 


“Index register X 


Index register Y 
Stack pointer 


Program counter 


Fig.2 Register structure 





INDEX REGISTER -X (X) 


The index register X is an 8-bit register. 


In the index addressing mode, the value of the OPERAND 
added to the contents of the register X, specifies the real 
address. When the T flag in the processor status register is 
set to “1”, the index register X itself becomes the address 
for the second OPERAND. 


INDEX REGISTER Y (Y) 


The index register Y is an 8-bit register. 


In the index addressing mode, the value of the OPERAND 
added to the contents of the register Y specifies the real 
address. 


qe 0 | 
ufyfrfelofifzto Processor status register 


Carry flag 
Zero flag 


Interrupt disable flag 


Decimal mode flag 


Break flag 
Index X mode flag © 
Overflow flag 


Negative flag 
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‘STACK POINTER (S) | 
The stack pointer (S) is an 8-bit register that containg the 
address. of the next location in the stack. It is mainly used 
during interrupts and subroutine calls, The stack pointer is 
not automatically initialized after reset and should be initial- 
ized by the program using the TXS instruction: 

The. location of the stack can be determined by the stack 
page bit (bit 4 at address OOFF,,). When bit 4. is “0” and 
the contents of the stack pointer is XX,., the stack address 
is-set, to OOXX,,¢.. When bit 4 is “1”, the stack address is set 
to 01XX1g. When using this microcomputer in the single- 
chip mode, the stack page. bit must be “0” and the. stack 
pointers should be set at. the bottom address of the internal 
RAM. - 3 : : 
When : an neruaee occurs, the higher 8 bits of ene program 
counter are pushed into the stack first, and then the lower 8 
bits of the program counter are pushed into the stack. After 
each byte is pushed into the stack, the stack pointer is de- 


cremented by one. Next, the contents: of the processor Sta- - 


tus register are pushed into the stack. When the return from 
interrupt instruction (RTI) is executed, the program counter 
are processor status register data is pulled off the stack in 
reverse order from above. 

The Accumulator is never pushed. into the tack automati- 


cally. A Push Accumulator instruction (PHA) is provided to 


execute this function. Restoring the Accumulator to its pre- 
vious value is accomplished by the Pull Accumulator in- 
struction (PLA). It is executed in reverse order of the PHA 
instruction. 

The contents of the: Processor Status Register (PS) are 
pushed (pulled) to (from) the stack with the PHP and PLP 
instructions, respectively. Only the program counter is 
pushed into the stack during a:subroutine call. Therefore, 
‘any registers that should not be destroyed should be 
‘pushed into the stack. manually. The RTS instruction is 
-used to return from a subroutine. | 


PROGRAM COUNTER (PC) 

The 16-bit program counter consists of two 8-bit registers 
PCy and PC,. The program counter is used to indicate the 
‘address of the next instruction to be executed. 


PROCESSOR STATUS REGISTER (PS) 

-The .processor status register is composed entirely of flags 
used to indicate the condition of the processor immediately 
after an operation. Branch operations can be performed by 
testing the Carry flag (C), Zero flag (Z), Overflow flag (V) 
‘or the Negative flag (N)..Each bit of the register is ex- 
plained below. - | 


1. Carry flag (C) 

The carry flag contains the carry or borrow generated by 
the Arithmetic and Logical operation Unit (ALU) im- 
mediately after an operation. It also changed by the shift 
and rotate instructions. The set carry (SEC) and clear carry 


2—114 





(CLC) instructions allow direct access for: meeting ane: 
fone this flag. | avis 


2. Zero flag (Z) . 

This flag is used to indicate -if the immediate operation 
generated a zero result or not. If the result is: zero, the zero 
flag will be set to “1”. If the result is not zero, the zero flag 
will be set to “0”. 


3. Interrupt disable flag (1) | 
This flag is used to disable all interrupts. This is accom- 
plished by setting the flag to “1”. When an interrupt, . this 
flag is automatically set to “1” to prevent other interrupts 
from interfering until the current interrupt is completed. The 
SEI and CLI instructions are used to set and clear this flag, 
respectively. 


4. Decimal mode flag (D) 

The decimal mode flag is used to define whether addition 
and subtraction are executed in binary or decimal. If the 
decimal mode flag is set to “4” the operations are ex- 
ecuted in decimal, if the flag is set to “0”, the operations 
are executed in binary. Decimal correction is automatically 
executed. The SED and CLD instructions are used to set 
and clear this flag, respectively. 


5. Break flag (B) 

When the BRK instruction is executed, the same operations 
are performed as in an interrupt. The address of thé inter- 
rupt vector of the BRK instruction is the same as that of the 
lowest priority interrupt. The contents of the B flag can be 
checked to determine which condition caused the interrupt. 
If the BRK instruction caused the interrupt, the break flag 
will be “1”, otherwise it will be “0”. 3 


6. Vadax x mode flag (T) 


Ai, meh rs 7 


_ When the T flag is “1”, operations between memories are 


executed directly without passing through the accumulator. 
Operations between memories involving the accumulator 
are executed when the T flag is “0” (i.e., operation results 


| between memories 1 and 2 are stored in the accumulator): 


The address of memory 1 is specified by the contents of 
the index register X, and that of memory 2 is specified by 


the normal addressing mode. The SET and CLT instructions 


are used to set and clear ae index X mode flag, respec- 
tively. 


Te Overflow flag (V) 


The overflow flag functions when one byte is added or sub- 
tracted as a signed binary number. When the result ex- 
ceeds +127 or —128, the overflow flag is set to “1”. When 
the BIT instruction is executed, bit 6 of the memory location 
is input to the overflow flag. The overflow flag is reset by 
the CLV instruction and there is no set instruction. 
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8. Negative flag (N) 

The negative flag is set whenever the result of a data trans- 
fer or operation is negative (bit 7 is set to “1”). Whenever 
the BIT instruction is executed, bit 7 of the memory location 
is input to the negative flag. There are no instructions for 
directly setting or resetting the negative flag. 


Table 1 Interrupt vector address and priority 


| _interrupt_—— | Priority | —Vector address 
RESET | FFF, FFE 
FFFDy6, FFFCi6 


FFFB16, FFFAic 


| Timer? | 4 | FFG, FFFB 16 
Timer 2orserialVO| 5 | FFF71¢, FFF6416 
INT,(BRK) | 6 | FFF516, FFF416 





Interrupt — 
request 


Interrupt disable flag 1 


Fig. 3 Interrpt control 


INTERRUPT | | | 

The M50745-XXXSP can be interrupted from seven souces; 
INT,, timer X, timer 1, timer 2/serial I/O, or INT2/BRK in- 
struction. . +3 | 

The value of bit 2 of the serial |1/O mode register (address 
OOF6,,) determine whether the interrupt is from timer 2 or 
from serial |1/O. When bit 2 is “0” the interrupt is from timer. 
2, and when bit 2 is “1” the interrupt is from serial 1/0. Also, 
when the bit 2 is “1”, parts of port P3 are used for serial |/ 
O. These interrupts are vectored and their priorities are 


shown in Table'1. Reset is included in this table since it. 


has the same functions as the interrupts. » 

When an interrupt is accepted, the contents of certain reg- 
isters are pushed into specified locations, (as discussed in 
the stack pointer section) the interrupt disable flag | is set, 
the program jumps to the address specified by the interrupt 


vector, and the interrupt request bit is cleared automatical- | 


ly. The reset interrupt is the highest priority interrupt and 
can never be inhibited. Except for the reset interrupt, all in- 
terrupt are inhibited when the interrupt disable flag is set to 
“4” All of the other interrupts can further be controlled indi- 
vidually via the interrupt control register shown in Figure 3. 


Bit? : INT, pin interrupt request bit 
Bits : INT; pin interrupt enable bit 
Bits : Timer 1 interrupt request bit 
' Bit4 : Timer 1 interrupt enable bit 
Bits : Timer 2 interrupt or serial |/O interrupt request bit 
Bit2 : Timer 2 interrupt or serial 1/O interrupt enable bit 
Bit! : INT> pin interrupt request bit 
BitO : INT. pin interrupt enable bit 


Timer control register (Address OOFF,,) 

Bit7 : Timer X interrupt request bit, 

Bit6 : Timer X interrupt enable bit 

Bits : Timer X count stop bit 

Bit4 : Stack page bit 

Bits: os 

Bit1 
Bite: 

BitO : 


Timer X mode bit 


| Processor mode bit 
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An interrupt is accepted when the interrupt enable bit and 
the interrupt request bit are both’ “1” and the umewape dis- 
able flag is “O”. 


- The interrupt request bits are set when the following condi- 


tions occur: 

(1) When the INT, or INT> pins go from “H” to “L” : 

(2) When the contents of timer X, timer 1, timer 2 (or the 
serial |/O counter) go to “0” 

These request bits can be reset by the program but can not 


be set by the program. However, the interrupt enable bit 


can be set and reset by the program. _ 

Since the BRK instruction and the INT» interrupt have the 
same vectored address, the contents of the B flag must be 
checked to determine if the BRK instruction caused the in- 
terrupt or if INT» generated the interrupt. 


This mode 
is selected 
when STP 


-instruction 
Timer mode is performed. 
Pulse width 


measurement 


Oscillator Divider 


mode 
— ees 
e . Event counter mode : ee 
16 


Pulse output mode 
O 


a | Prescaler latch (8) | 


Timer X count stop bit 
(Bit 5 of address OOFF4,) 


TIMER 

The M50745-XXXSP has three timers; timer X, timer 1, and 
timer 2. Since P3 (in serial |1/O mode) and timer 2 use 
some of the same architecture, they cannot be used at the 
same time (see serial |/O section). Timer X has four modes 
which can be selected by bit 2 and 3 of the timer control 
register. When the timer X count stop bit (bit 5) is set to 
“4” the timer X will stop regardless of which modé it is in. 
A block diagram of timer X, timer 1 and timer 2 is shown in 
Figure 4. 

Timer 1 and timer 2 share with a prescaler. This prescaler 
has an 8-bit programmable latch used as a frequency di- 


vider. The division ratio is defined as 1/(n+2), where n is 
the decimal contents of the prescaler latch. All three timers 


are down-count timers which are reloaded from the timer 
latch following the zero cycle of the timer (i.e. the cycle af- 
ter the timer counts to zero). 


Timer X Timer X latch(8) 


to timer X interrupt 


Her) FL Timer x6) | x ae 
request bit 


ne or 
STP instruction] | 


Gi Toggle filip-filip 


Prescaler latch (8 


an 


' P3¢/CLK 


Timer 2 latch(8) 


to timer 1 
interrupt, 
request 
bit 


to timer 2 or 
serial I/O 
interrupt 
request bit | 


Cru: Serial |/O mode register( Address 00F 6,6) 


0 


Fig. 4. Block diagram of timer X, timer, timer2 
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The timer interrupt request bit is set to “1” during the next 

clock pulse after the timer reaches zero. The interrupt and 

timer control registers are located at addresses OOFE;, and 

OOFF..¢, respectively (see interrupt section). The prescaler 

latch and timer latch can be loaded with any number ex- 

cept zero. | | 

The four modes of timer X as follows: 

(1) Timer mode (00) 
In this mode the clock is driven by the oscillator fre- 
quency divided by 16. When the timer down-counts to 
zero, the timer interrupt request bit is set to “1” and 
the contents of the timer’s latch is reloaded into the 
timer and the counting begins again. 

(2) Pulse output mode (01) 
In this mode, the polarity of the CNTR signal is re- 
versed each time the timer down-counts to zero. 

(3) Event counter mode (10) 
This mode operates in the same manner as the timer 
mode except, the clock source is input to the CNTR 
pin. This: mode will allow an interrupt to be generated 
whenever a specified number of external events have 
been generated. The timer down-counts every rising 
edge of the clock sourse. 

(4) Pulse width measurement mode [11] 
This mode measures the pulse width (between lows) 
input to the CNTR pin. The timer, driven by the oscilla- 
tor frequency divided by 16, continues counting during 
the low cycle of the CNTR pin. When the timer con- 
tents reaches “0”, the interrupt request bitis setto“1”, 
the timer’s reload latch is reloaded and the counting 
resumes. | 
The structure of the timer control register is shown in 
Figure 5. . 
When the STP instruction is executed, or after reset, 
the prescaler and timer latch are set to FFig and 0146, 
respectively. Also, when the STP instruction is ex- 
ecuted, the oscillator’s frequency (divided by 16) will 
become the counting source, regardless of the timer X 
mode setting. This state will be released when the tim- 
er X interrupt request bit is set to “1”, or after a reset. 
Timer X will then enter the mode specified by its mode 
bits. For more details on the STP instruction, refer to 
the oscillation circuit section. 


7 0 
ee eee Timer control register (Address OOFF;,) 


















Prosessor mode bit 
00 : Single-chip mode 
01: Memory expanding mode 
10 : Microprocessor mode 
11: Eva-chip mode 


Timer X mode bit . 
00 : Timer mode 
01: Pulse output mode 
10 : Event counter mode 





11 : Pulse width measurement mode 


Stack page bit 
0: 0 page 
1° 1page 


Timer X count stop bit 
0 : Count start 
1: Count stop 


Timer X interrupt enable bit 
0 : Interrupt disable 
1: Interrupt enable 





Timer X interrupt request 
0 : No interrupt request bit 
1 : With interrupt request 
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SERIAL I/O 


A block diagram of the serial !/O is shown in 1 Figuie 6. 


In the serial |1/O mode the receive raady signal (Sana). syn- 


chronous input /output clock (CLK), and the serial I/O pins 
(Sour, Sin) are used as P3,, P35, P35, and P3,, respectively. 
_ The serial |/O mode register (address O0F6,¢) is 4-bit reg- 
ister. Bits 1 and O of this register is used to select a syn- 
chronous clock source. 

When these bits are (00) or [01], an external clock from 
P3, is selected. When these bits are (10), the overflow sig- 
nal from timer 2, divided by two, becomes. the synchronous 


Oscillator Divider 





Srpy » from timer 1,2 
prescaler 


P37 i) 







Divider 
1/2 





clock. Therefore, changing the timer period will change the 
transfer speed. When the bits are [11], oscillator frequency 


- divided by 16, becomes the clock. 


Bit 2 and 3 decide whether parts of P3 will be used as a 
serial |/O or not. When bit 2 is a “1”, P38, becomes an 1/O 
pin of the synchronous clock. When an internal synchronous 
Clock is selected, the clock is output from P3.. If an exter- 
nal synchronous clock is selected, the clock is input to P3, 
and P38; will be a serial output and P3, will be a serial in- 
put. To use P3, as a serial input, set the directional register | 
bit which corresponds to P3, to “O”. For more information on 


Timer 2(8) 
(Address O0FBi,) 


to timer 2 or serial 1/O | 
S interrupt request bit 


ie eed Serial I/O mode register (Address O0F6;.) 


Fig.6 Block diagram of serial I/O 





Synchronous clock selection bit 
00: | 
01: 

_10 3 Timer 2 divided by 2 


External clock 





11: Frequency divided by 16 


Serial 1/0 port selection bit (P35, P3.) 
OQ : Normal I/O port 
1 : Serial 1/O port | 


Srpy signal output selection bit (P3,) 
OQ : Nomal !/O port 


1 : Spapy signal output pin 
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the directional register, refer to the 1/O pin section. 

To use the serial |/O, bit 2 needs to be set to “1”, if it is “O” 
P3,. will function as a normal I/O. Interrupts will be gener- 
ated from the serial I/O counter instead of timer 2. Bit 3 
determines if P37 is used as an output pin for the receive 
data ready signal (bit 3=1, Sppy) or used as normal I/O pin 
(bit 3=0). The serial I/O function is discussed below. The 
function of the serial I/O differs depending on the clock 
source; external clock or internal clock. 

Internal Clock—The Sprpy signal becomes “H” during trans- 
mission or while dummy data is stored in the serial I/O reg- 
ister (address OOF7,,). After the falling edge of the write 
signal, the Srpy signal becomes low signaling that the 
M50745-XXXSP is ready to receive the external serial data. 
The Srpy signal goes to “H” at the next falling edge of the 
transfer clock. The serial |/O counter is set to 7 when data 


Synchronous clock 


Transfer clock 


Serial 1/O register write 
signal 
Serial 1/O output 
Sout. 
Serial 1/O input 


Sin 


Receivable signal 


Sarpy 


Fig.7 Serial 1/O timing 


Sending side 


Serial |1/O mode register 


bit 3 bit 0 


Ee 


Set the directional 
register for P37 pin 
in input mode. 


P3. Serial data 


| Fig.8 Example of serial 1/O connection 





pg, Synchronous clock P35 





is stored in the serial !/O register. At each falling edge of 
the transfer clock, serial data is output to P3;. During the 
rising edge of this clock, data can be input from P34, and 
the data in the serial I/O register will be shifted 1 bit. 

Data is output starting with the LSB. After the transfer clock 
has counted 8 times, the serial 1/O register will be empty 
and the transfer clock will remain at a high level. At. this 
time the interrpt request bit will be set. 

External Clock—lf an external clock is used, the interrupt 
request will be sent after the transfer clock has counted 8 
times but transfer clock will not stop. | . 
Due to this reason, the external clock must be controlled 
from the outside. The external clock should not exceed 
250kHz at a duty cycle of 50%. The timing diagram is 
shown in Figure 7. An example of communication between 
two M50745-XXXSPs is shown in Figure 8. — 


Interrupt request bit set 


Receiving side © 


Serial 1/0 mode register 


bit 3 bit 0 


ele 


. Set the directional 
register for P3, pin 
in input mode. 
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RESET CIRCUIT 

The M50745-XXXSP is reset according to the sequence 
shown in Figure 9. It starts the program. from the address 
formed by using the content of address FFFF,, as the high 
order address and the content of the address FFFFi¢ as the 
low order address, when the RESET pin is held at “L” level 
for more than 2us while the power voltage is in the recom- 







* RESET OUT 


SYNC. }o 


Address 


8~12 clock cycles . 


Fig.9 Timing diagram at reset 


Address 
E lig) 
| E 3 ee ) we’ 


(1) Port PO directional register 


(2) Port P1 directional register 


(3) Port P2 directional register E oe ye 
E 9 16 ) ke 


EBisg )- 


(4) Port P3 directional register 
(5) Port P4 directional register 


(6) Serial 1/O mode register 


F 616 )- 


(7) Prescaler X FCis ) 


(8) Timer X FDie )e 


(9) Interrupt contro! register d FE.) 


(0) Timer control register F Fig)" 
(11) Interrupt disable | PS “)e: 
flag on processor 


status register 


il 


Contents. of 
address FFFFi¢ 


()Program counter == ( PCy) = 


Contents of 


( P CL ) — address FFFEi¢ 


Fig.10 Internal state of microcomputer at reset — 


2 KL X 22S X0.S1K00.S-QXEFFEXFEFEX 
— C2 KK XK? KAO ADH) 


Note 1: Frequency relation of f(Xjy) and ¢ is f(Xiw)=4°¢ | | 
2: The mark “?” means that the address is changeable depending on the previous state. 





mended operating condition and the crystal oscillator 
oscillation is stable and then returned to “H” level. The in- 


_ ternal initializations following reset are shown in Figure 10. 
~ An example of the reset circuit is shown in Figure 11. 


When the power on reset is used, the RESET pin must be 
held “L” until the oscillation of X;y-Xoyr becomes stable. 


AD,,AD, 


Reset address from the 
vector table 


Supply voltage 
detection circuit 





Fig.11 Example of reset circuit 
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/O PORTS (6) Port P5- | 

(1) Port PO . Port P5 is and input port with pull-up transistor option. 
Port PO is an 8-bit |1/O port with N-channel open drain See Figure 12 for more details. 
output. (7) Clock ¢ output pin 
Pull-up transistor can be specified as an option. As In normal conditions, the oscillator frequency divided 
shown in the memory map (Figure 1), port PO can be by four is output as ¢. 

. accessed at zero page memory address 00E0,¢. Port (8) RESEToyr pin 
PO has a directional register (address 00E1;,) which When the: RESET pin goes to level “L”, the RESETout 
can be used to program each individual bit as input pin also goes to “L”. On the other hand, when the RE- 
(“0”) or as output (“1”). If the pins are programmed as SET pin goes to level “H”, the RESETouz pin also goes 
output, the output data is latched to the port register to “H” after 8 clock cycles. This output is used to reset 
and then output. When data is read from the output port the external circuits. 
the output pin level is not read, only the latched data in (9) INT, pin | 
the port register is read. This allows a previously output The INT, pin is an interrupt input pin. The INT, inter- 
value to be read correctly even though the output vol- rupt request bit (bit 7 at address OOFE;,) is set to “1” 
tage level is shifted up or down. Pins set as input are when the input level of this pin changes from “H” to 
in the floating state and the signal levels can thus be as ae 
read. When data is written into the input port, the data (10) INT» pin 
is latched. only to the port latch and the pin still remains The INT» pin is an interrupt input pin. When this signal 
in the floating state. level changes from “H” to “L”, the interrupt request bit 
Depending on the contents of the processor status reg- (bit 1 at address OOFE,,) is set to “1”. 
ister (bit 0 and bit 1 at address OOFF,,), four different (11) CNTR pin 
modes can be selected; single-chip mode, memory ex- The CNTR pin is an 1|/O pin of timer X. In the event 
panding mode, microprocessor mode and eva-chip counter mode, CNTR becomes the input pin of the ex- 

-mode. These modes (excluding single-chip mode) ternal pulse. In the pulse output mode, the CNTR out- 

have a multiplexed address output function in addition put changes polarity each time the contents of timer X 
to the I/O function. For more details, see the processor goes to “0”. In the pulse width measurement mode, the 
mode information. pulse to be measured is input to this pin. 

(2) Port P1 | 7 
In the single-chip mode, port Pi has the same function 
as PO. In the other modes, P1's functions are slightly 
different from PO’s. For more details, see the processor 
mode information. 

(3) Port P2 
In the single-chip mode, port P2 has the same function 
as PO. In the other modes, P2’s functions are slightly 
different from PO's. 
For more details, see the processor mode information. 

(4) Port P3 
In the single-chip mode, port P3 has the same function 
as PO. In the other modes, P3’s functions are slightly 
different from PO’s. Port P3 can also be used as serial 
1/O pins. For more details, see the processor mode in- 
formation. 

(5) Port P4 
Port P4 is an 8-bit 1/O port with P-channel open drain 
outputs. This port also has the pull-down transistor 
option. | 
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Ports PO, P1, P2, P3 "N-channel open drain output 












Beas Option 
Directional register >o 
| La 
[Ne See 
rs, , ) »& Ports PO, P1, P2, P3 
Data bus . Port latch L 
Q 
Q _ (Note) P3 is also used as an I/O pin of serial I/O 
Port P4 | | | . ’ 
P-channel open drain output 
- Data bus 
Port P4 | 
Port P5 
“f-- Option 
i 
| 
| 
Port P5 
N-channel open drain oultpul 
CNTR ub ad ii i ee cee 
| FH CNTR 
tt See CMOS output 
@, RESETour | Se Oe 


%, RESETour. 


fe 


Fig.12 Block diagram of port PO~P6 (single-chip mode) and output format of ¢ 
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PROCESSOR MODE 

By changing the contents of the processor mode bit (bit 0 
and 1 at address OOFF,,), four different operation modes 
can be selected; single-chip mode, memory expanding 
mode, microprocessor mode and evaluation chip (eva- 
chip) mode. In the memory expanding mode, microp- 
rocessor mode and eva-chip mode, ports PO~P3 can be 
used as multiplexed I/O for address, data and control sig- 
nals, as well as the normal functions of the I/O ports. 

Figure 14 shows the functions of ports PO~P3. 

The memory map for the single-chip mode is illustrated in 
Figure 1 and for other modes, in Figure 13. 

By connecting CNVss to Vss, all four modes can be 
selected through software by changing the processor mode 
bits. Connecting CNVss to Vcc automatically forces the 
microcomputer into microprocessor mode. Supplying 10V to 
CNVss places the microcomputer in the eva-chip mode. 
_ The four different modes are explained as follows: 


Internal 


——_ == -—-<= 


N SK P3, etc. 


Internal 
RAM 


Ports a ee is 


Memory Eva-chip Microprocessor 
expanding © mode mode 
mode . 

The shaded area is external memory area 


Fig.13 External memory area in processor mode 





(1) Single-chip mode (00) 
The microcomputer will automatically be in the single- 
chip mode when started from reset, if CNVss is con- 
nected to Vss. Ports PO~P3 will work as original I/O 
ports. 

(2) Memory expanding mode (01) 
The microcomputer will be placed in the memory ex-. | 
panding mode when CNVszg iS connected to Vss and 
the processor mode bits are set to “01”. This mode is 
used to add external memory when the internal mem- 
ory is not sufficient. 
The lower 8 bits of address data for port PO is ; output 
when ¢goes to “H” state. When ¢goes to the. “L” 
state, PO retains its original |/O functions. 
Port P1’s higher 8 bits of address data are output when 
¢ goes to “H” state and as it changes back to the “L” — 
state it retains its original I/O functions. Port P2 retains 
its original output functions while ¢is at the “H” state, 
and works as a data bus of D7~ Do (including instruc- 
tion code) while at the “L” state. Pins P38, and P3, out- 
put the SYNC and R/W control signals, respectively 
while ¢ is in the “H” state, and RDY signal is input from 
P3. pin. When in the “L” state, P32, P38; and P3, retain 
their original 1/O function. 
The R/W output is used to read/write from/to the out- 
side. When this pin is in the “H” state, the CPU reads 
data, and when in the “L” state, the CPU writes data. 
The SYNC is a synchronous signal which goes to the 
“H” state when it fetches the OP CODE. 
The RDY is ready signal input and, when it goes to “L”, 
internal clock stops and the CPU waits the data. 
However, the oscillation does not stop. 

(3) Microprocessor mode (10) 
After connecting CNVss to Vcc and initiating a reset, 
the microcomputer will automatically default to this — 
mode. 

- In this mode, port PO and P1. are used as the system 
address bus and the original function of the !/O pins is 
lost. Port P2 becomes the data bus (D7;~Dp) and loses 
its normal I/O functions. Port P3., P38; and P3, become 
the RDY, SYNC and R/W pins, respectively and the 
normal I/O functions are lost. 

(4) Eva-chip mode (11) 
When 10V is supplied to CNVsg pin, the microcomputer | 
is forced into the eva-chip mode. The main purpose of 
this mode is to evaluate ROM programs prior to mask- 
ing them into the microcomputer’s internal ROM. 
In this mode, the internal ROM is inhibited so the ex- 
ternal memory is requierd. 
This mode has almost the same function as the mem- | 
ory expanding mode except that it needs to attach all 
program memories to the outside. 
The relationship between the input level of CNVss and 
the processor mode is shown in Table 2. | 





‘MITSUBISHI 
ELECTRIC 


“2123 . 





MITSUBISHI MICROCOMPUTER 


MS0745-XXXSP/FP 


po ee SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 
























Ports P0;~P0, 


: x I/O port: . 


Port PO Ports PO7~P0 > 


Address 
es 


Ports P1 7~P1 0 


Address 
‘] LI 


Ports P2,~ P25 


Y Output Data 
port Dz~Do 


Ports P07~P0o 


Address 
A7z~Ao 


Same as left 



















Ports P1 7~P1 5 


X I/O port — | 
1 a eee 


Ports P27~P2, 


— X  /0 port 


Port P14 Ports P17~P1o 


Address 
Ais~™Ag 


Same as left 























- Ports P27~P2, 


Data 


Same as left 






‘To Lief 
Ports P3;~P3)- 


>< I/O port | 






A ie ea 


Ports P3;~P3, 


x I/O port 


Ports P37~P33 


x I/O port 




















Port P32 | Port P32 
Port P32 A ROY A //Cport A ote oe | > ar ae 
~ . Port P3y°° 
Port P3o Port P39 
R/W | R/W 


Table 2 Relationship between CNVsgzg pin input level and processor mode. 


RS 
* Single-chip mode | The single-chip mode is set by the reset. . a 

* Memory expanding mode All modes can be selected by changing the processor mode bit with the program. . 

* Eva-chip mode . aa 

* Microprocessor mode 


' Voc ¢ Eva-chip mode The microprocessor mode is set by the reset. 
"1 * Microprocessor mode Eva-chip mode can be also selected by changing the processor mode bit with the program. 


10V ¢ Eva-chip mode .Eva-chip mode only. 
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CLOCK GENERATING CIRCUIT 

The built-in clock generating circuits are shown in Figure 
17. 

When the STP instruction is executed, the oscillation of in- 
ternal clock ¢is stopped in the “H” state. 

Also, the prescaler X and timer X are loaded with FF,, and 
0146, respectively. The oscillator (dividing by 16) is then 
connected to the prescaler input: This connection is cleard 
when timer X overflows or the reset is in, as discussed in 
the timer section. . 

The oscillator is restarted when an interrupt is accepted. 
However, the internal clock ¢keeps its “H” level until timer 
X overflows. 

This is because the oscillator needs a set-up period if a 
ceramic or a quartz crystal oscillator is used. 

When the WIT instruction is executed, the internal clock ¢ 
stops in the “H” level but the oscillator continues running. 
This wait state is cleared when an interrupt is accepted. 
Since the oscillation does not stop, the next instructions are 
executed at once. 

To return from the stop or the wait status, the interrupt en- 
able bit must be set to “1” before executing STP or WIT in- 
struction. Especially, to return from the stop status, the tim- 
er X count stop bit (bit 5 of address OOFF,,) must be set to 
“0” before executing STP instruction. | 

The circuit example using a ceramic oscillator (or a quartz 
crystal oscillator) is shown in Figure 15. 


Interrupt 
request 


Interrupt 


disable 
_ flag | 


| Reset 





STP instruction 


Fig.17 Block diagram of clock generating circuit 





instruciton 


Timer X count stop bit 


The constant capacitance will differ depending on which 
oscillator is used, and should be set to the manufactures 
suggested value. 
The example of external clock uasge is shown in Figure 16. 
Xin is the input, and Xoyrz iS Open. 


M50745-XXXSP 


Xout |. 


Fig.15 External ceramic resonator circuit 


M50745-XXXSP 
Xin X out 


External 
oscillating 
circuit 











Reset 


\ 






Overflow 
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PROGRAMMING NOTES 


(1) 
(2) 


(3) 


_— 
(o>) 
—— 


-—-_- 
= 


The frequency ratio .of the timer and the prescaler is 
1/(n+2). | 

Set a value other than “O” for the timer and the. pre- 
scaler. = 

Even though the BBC and BBS instructions are ex- 
ecuted after the interrupt request bits are modified (by 
the program) , those instructions are only valid for the 
contents before the modification. Also, at least one in- 
struction cycle must be used (such as a NOP) between 
the modification of the interrupt request bits and the 
execution of the BBC and BBS instructions. 

Reading the timer and prescaler must be abvoided 
while the input to the prescaler is changing. | 


After the ADC and SBC instructions are executed (in 


decimal mode), one instruction cycle (such as a NOP) 


is needed before the SEC, CLC, or CLD instructions 


are executed. 

A NOP instruction must be used after the execution of 
a PLP instruction. . | 
Notes on serial |/O 


DATA REQUIRED FOR MASK ORDERING 
Please send the following data for mask orders. 

(1) mask ROM confirmation form 

(2) mark specification form 

(3) = Y@)\¥, Ie [=| ¢: Meee eer EPROM 8sets 
Write the following option on the mask ROM confirmation 
form | | 
* Port PO pull-up transistor bit 

* Port P1 pull-up transistor bit 

* Port P2 pull-up transistor bit 

¢ Port P3 pull-up transistor bit 


~ © Port P4 pull-down transistor bit 


¢ Port PS pull-up transistor bit 





@ Set “0” in the serial 1/O interrupt enable bit (bit 2 of 
address 00FE;¢) before setting the serial 1/O mode. 
@ Insert at least one instruction and set “0” in the serial |/ 
O interrupt request bit (bit 3 of address OOFE,,) after 
setting the serial 1/O mode. . | 
@) Set “1” in the serial I/O interrupt enable bit after the 
operation described in @. 
(8) The timer X and prescaler X must be set “FFi.” im- 
' mediately before the execution of a STP instruction. 
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ABSOLUTE MAXIMUM RATINGS _ . a 


[symbol [SSC rameter—SSSC*dSSCSCSSSC tions SdSCSSCngs 
S 
Input voltage, POg~ P07, Plo~Pl7, Peo~P2z, P39~P37, With respect to Vss. . 
P5o~P57, CNTR, INT,, INTo, CNVss Output transistors are in “off” state. 
Vo Output voltage, POg~P07, Plo~P17, P29~P27, P39~ P37, —0.3~13. 
CNTR 


[Pq | Poverdtipaion ———SSSCSCSCS~S~S~S~d TE iod0(Nato 1) 
Operating temperature | —10~70 
Tstg___| Storage temperature caer eee eel —40~125 


Note 1 © 300mW for QFP types. | 






















< 






< 



















RECOMMENDED OPERATING CONDITIONS (a= —10~70¢, Vcc =5V10%, unless otherwise noted) 


Limits 
Symbol Parameter 


“H” input voltage, POg~P07, Plo~Pl7, P29~P2;, 
Vin P39~P37, P4a~P47, P5g~P57, 
| . CNTR, INT, INTz, RESET, Xin, CNVss 
| “L” input voltage, POg~P07, Plo~P17, P29~P2z, 
Vit P39~P37, P4g~P47, P5p~P5z, 
CNTR, INTy, INT2, CNVss 
“L” input voltage, RESET 

“L" input voltage, Xin 


“Unit 






S| V 





a 
oO 
° 
7 























0. BVcc . Vec 





0. 2Vcc 






3 3 
>| > > > 












0.12Vcc 
0. 16Vce 






“kL” peak output current, POg ~ PQ7, P19 ~ P17 
P29 ia P27, P35 om P37 

CNTR 
“L” averaged output current, PQg ~ PQ7, P19 ~ P17 
P29 ~ P27, P39 ~ P37 


~ lovvavg) 
ee) CNTR, (Note 2) 


lou(peak)| “H”. peak output current, P4) ~ P47 
“H” averaged output current, P4, ~ P47 (Note 2 ) 
Internal clock oscillating frequency 


Note 2: locavg), lon(avg) is the average current in 100ms. a ee 
3 : “H” input voltage of ports PO, P1, P2, P3, and P5, CNTR, INT, and INTo is available up to +12Vv. 
(For ports, it is only when pull-up transistor is omitted.) 
4 : The total of lo.(peak) Of ports PO, P1, P2, and P3 should be 80mA max. 
The total of lon(peak) of port P4 should be 80mA max. 




















ae 
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ELECTRICAL CHARACTERISTICS (Voc = 5V, Ves = 0V, Ta = 25C, fix,,) = 4MHz, unless sihemles noted) 


Parameter : Test conditions 


“HY output voltage, Ply~P4) =Ss=~*~‘“‘*‘*éd = WOma=S”*=“‘C‘®OSN’CN’N’’’C#dCO#é[RNCSTs“(‘ti‘YSC‘(SSCLCOUSCOC#*d 










< 


“H” output voltage, ¢, RESETout lon = —2.5mA ; . 


“L” output voltage, P0p~ P07, Plo~P17, P2>~P27, 
bo . lot = 10mA 2 
P39~P37, CNTR 


CvnsVee [Myeteres RESET Sd 
Lave liiwiienMe al 


P39~ P37, P5p~P57 without pull-up transistor 
"L” input current, POg~P07, Ploe~Pl7, P29~P27, V, = 0V 
P39~P37, P5g~P57 with pull-up transistor 


3 
iL , 
IH | 3 


“H” input current, P0p~P07, Plo~P17, P2o~P27, Vi, = 12V 

* P39~P37, P5p~ P57 without pull-up transistor 
“H” input current, POg~P07, Plo~Pl7, P2p~P27, V, = 5V 
'  P39~P37, P5p~P57 with pull-up transistor 


< 


Oo 
Ww 


2 








1 


| 05 | 7] ov 


oO 
ww 
‘< 


0. 1 


g 
> 


Bk 











—~70 —125 LA 


o1 


ko Jes 
> |>|> 


2 


z 
> 


on oO oO on 


IH 
| “H” input current, P4o~P4 bead 5 A 
nput curren ~ 

Ea : ’ without pull-down transistor te 
; : : V; = 5V 

hie “H” input current, P4g~P47 70 125 LA 

with pull-down transistor 

Ny 


"H” input current, CNTR, INT, INTz, RESET, Xiw V, = 5V pee lh ae Bel eae | 
at clock stop aes et ieee ae 


P-channel open- | f = 4MHz 
square wave 
Ta = 25C 
LA 
at clock stop 











RAM retention voltage 

























drain output pins are 





to Vcc, output pins 
are open, other I/O 








Supply current 


pins are connected 
to Vss. 
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TIMING REQUIREMENTS | 
Single-chip MOde (Vcc = 5V+10%, Vss = OV, Ta = 25C, f (x,y) = 4MHz, unless otherwise noted) 


Symbol 


Port P1 input setup time 
Port P2 input setup time 


Limits 


Typ 












- Parameter 





NO 
Ss 
=) 








Port PO input setup time 


NO | NO 
SIN 
oO;oO 


Port P3 input setup time 270 
Port P4 input setup time 270 


Port P5 input setup time 


th (¢Pop) Port PO input hold time 





th (¢-P1D) Port Pl input hold time 


Port P2 input hold time 
Port P3 input hold time 
Port P4 input hold time 
Port P5 input hold time 


hited External clock input cycle time 


tw External clock input pulse width 


ites — «ae External clock rising edge 


External clock falling edge 





Nh No 
NIPOTT NTRP RT NTR TRIN 
A~O/O;O;O;O;}/0O;/O;/O 








Memory expanding mode and eva-chip mode | 
(Veco = 5V#10%, Vsg = OV, Ta = 25C, f (x4) = 4MHz, unless otherwise noted) 


pia mama ae a 
Typ. 


Port Pl input setup time 270 P| 
Port P2 input setup time | 


RDY input setup time 
Port Pl input hold time 





Port PO input hold time 
Port P2 input hold time 
RDY input hold time 


th (¢-roy) 


Microprocessor mode (Vcc =5V+10%, Vss = OV, Ta = 25°C, f(x,y) = 4MHz, unless otherwise noted) 


[sym | min, | typ. | Max. | 











77 
150) 
th conan) | Por P2inputhodtime ———SSSSCSC“~*~“~“S*SC“C~“~<~S*~=~S~rSCia 
soo [| 
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SWITCHING .CHARACTERISTICS 
Single-chip mode (Vcc = 5V+10%, Vss = OV, Ta = 25C, fix) = 4MHz, unless otherwise noted) - 


Symbol 


| tacg-p2a) 
ort P4 data output delay time 





Memory expanding mode and eva-chip mode = | 
. (Veo = 5V+10%, Vsg = OV, Ta = 25°C, fix) = 4MHz, unless otherwise noted) 


Symbol Parameter Test conditions 


Typ. 
Port PO address output delay time 
Port PO address output delay time 
Port PO data output delay time 
Port PO data output delay time 
Port P| address output delay time 
Port P! address output delay time 
Port P1 data output delay time . 
Port Pi data output delay time | 
| Port P2 data output delay time 
Port P2 data output delay time 
R/W signal output delay time 
R/W signal output delay time 
Port P39 data output delay time 
Port P39 data output delay time 
SYNC signal output delay time 
SYNC signal output delay time 
Port P3, data output delay time 


td(¢-p3,aF) | Port P3, data output delay time 






Unit 


























NIN 
oy} oO 
on Ko) 


N 
Oo 
oO 


NPN TD 
O71} 01; © 
O;oO;O 


NO 
(2) 
oO 


Wh 
O;O 
O};oO 


=) 
” 


NO} RO] RN | MTR 
qa;o;ro;a;a 
O1oO;aoa;o;oa 


NTN 
Oo; OI 
O}O 


W 
io) 
Oo 





a) 
oO 
co) 


Microprocessor mode (Vec = 5V+10%, Vss = OV, Ta = 25°C, f(xy) = 4MHz, unless otherwise noted) 


Symbol Parameter , as | 
Typ. 
td(¢ -Poa) Port PO address output delay time 
AV tdcoveiay- | Port P1 address output delay time 
Port P2 data output delay time 
Port P2 data output delay time . 
R/W signa! output delay time 
SYNC signal output delay time. 


‘ 


N 
6) 
io) 


Unit . 





N 
ol 
Oo 


WiWw 
O;O 
O}oO 


NO 
o1 
io) 






ND 
ol 
oO 


Fig.18 Ports PO~PS test circuit Fig.19 Port P4 test circuit 
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TIMING DIAGRAMS 


In single-chip mode 


Port PO output 


Port PO input 


Port P1 output 


Port P1 input 


Port P2 output 


Port P2 input 


Port P3 output 


Port P3 input 


Port P4 output 


Port P4 input 


Port P5 input 


{(Xin) 


td(¢—poa) 


tsu(pop—¢) 


td(¢—P1Q) 


tsu(p1p—¢) 


td(¢—p2a) 


x 


tsu(p2p—¢) 


ae 
bebe 


tsu(pap—¢) 


tdi g—psa) 


tsu(p3p—¢) 













tdi ¢—p4a) 


fee 


tsu(psp—¢) 





thi ¢—pop) 


th( ¢—Pp1p) 


th( ¢—p2p) 


th( ¢—psp) 


th( ¢—p4p) 


th( g—psp) 
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In memory expanding mode and eva-chip mode 


Port PO output 
Port PO input © | 
Port P1 output 


Port P1 input 


Port P2 output 
Port P2 input | 


Port P3, output (R/W) 


Port P3, output (SYNC) 


Port P3, input (RDY) 






td(¢g—poa) — td(¢—poar) 





td(g—Poar) 






th( ¢—pop) 
td( ¢—p1aFr) 


th( ¢—p1p) 


th( ¢—p2p) 


tdi ¢—paar) 


td(¢—p3,aF) 


td( g—P3,Q) 






tsu(rRbY—4) 





th( ¢—rApby): 
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In microprocessor mode 





td(¢—Poa) 


Port PO output 


x 


SL _ 


AV, 


td(¢—P1a) 


Port P1 output 


\Z 


> 


ait 


td(¢—p2a) td(¢—p2ar) 






Port P2 output 


tsu(p2p—¢) 


Port P2 input 





| th( ¢—p2D) 
td(g—r/w) 

Port P3, output (R/W) = ey, 

satbecamienie! XK | 
Port P32 input (RDY) 
th( ¢—Rby) 
| 
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DESCRIPTION soy cht 

The M50747-XXXSP is a single-chip microcomputer de- 
signed with CMOS silicon gate technology. It is housed in a 
64-pin shrink plastic molded DIP (flat package type also 
available) . This single-chip microcomputer is useful for 
business equipment and other consumer applications. 

In addition to its simple instruction sets, the ROM, RAM, 


and I/O addresses are placed on the same memory map to. 


enable easy programming. 

The differences between the M50747-XXXSP and the 
M50747-XXXFP are the package outline and power dis- 
sipation ability (absolute maximum ratings). 


DISTINCTIVE FEATURES 


e@ Number of basic instructions TERESEPEPEPERTLERETEE ESSE eee eee 69 
@ Memory size ROM sibbeceeeesnaeneeeeeeseeoneeeetens 8192 bytes 
RAMs escrrsserseerssesseeseetreneecnens 256 bytes 
@ Instruction execution time | 
teteeee 1s (minimum instructions at 8MHz frequency) 
@ Single power supply f(X;y)=8MHz----+ sree BVEIN% 
@ Power dissipation . : 
normal operation mode (at 8MHz frequency) ---- 30mW 
@ Subroutine nesting vce 128 levels (max.) 
@ Interrupts: errrereeee eee eee aciaehicwmsenstines 7 types, 5 vecters 
@ 8-bit timer::::::::::: pheseaiss :*3 (2 when used as serial I/O) 
@ Programmable.1/O (Ports PO, P1, P2, P3, P4) «+--+ ++ 40 
e@ Input ports (Port P5)- Ge etenie fe sigddindare Meee 8 
@ Output ports (Port P6) di aie Caigaweteneaecesisaiewt manana snememene's 8 
@ Serial 1/0 (Clock synchronized or UART) ester en 
APPLICATION 


Office automation equipment © 
VCR, Tuner, Audio-visual equipment 
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PIN CONFIGURATION (TOP VIEW) 









Voc 64] +> P2, 
P67 <— +> P2, 
P65 + + P2p 
Bi eas V0 rt P2 
fs) 
Output port P6 ie eres : 
: P63 + P2, 
P62 +- + P2, 
P6, ++ P2, 
P69 ++ P05 
P4, + PO, 
P4, + P02 
P4, ++ +> P03 
I/O port P4 en <= hss sae 
P43 on + POs 
P4, SS +> PO, 
P4, aa ++ PO, 
Pay + x + Pi, 
P37/Srpy . + PI, 
P3./CLK ++ [19] ~ ++ Pi, 
P3;/T,D + P13 Wecann 
P3,/RxD +> + Pi, 
VO Port PS ) B3./CNTR + + PI, 
P32/INT> +> + Pig 
P3, +> +> Pl, 
P35 +> — P5o 
Interrupt input INT, i + P5, 
CNVss *— PSo 
Reset input RESET > + P53 
Clock input Xin 7 —P5, a a 
Clock output Xour + 435] —- PSs 
Timing output p-— + P55 





P35/TxD + [= 
P34/RxD > El 
NTR + [5] 


P33/C 








Outline 72P6_ 





NC : No connection 
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M50747-XXXSP BILOCK DIAGRAM 


Clock input Clock ovtput Timing output Interrupt input Reset input (5V) (OV) (OV) 
XIN Xout ¢ INT, RESET Voc Vss 


-—@-- =O = @ ee eran See de ee ee 
to 


Zi if 


EPOEESSO! 















Clock generating circuit 
















status Program Program ¢ 
register counter counter Instruction 
PS (8) yf PCy (8) PC, (8) register (8) 





Instruction 
decoder 


Control signal 


Timer 2 
T2 (8) 








8-bit 

arithmetic 
and 

logical unit 











RAM 


256 bytes PREX (8 





Accumulator’ 
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FUNCTIONS OF M50747-XXXSP 


Parameter . 


Number of basic instructions : 
Instruction execution time 1s (minimum instructions, at 8MHz of frequency) 


Clock frequency | 


Memory size 





Functions 





8192bytes 

256bytes 

1-bitX] 

8-bitX5 (Part of P3 are in common with Input/output of serial 1/O, 


NT 
PO, P1, P2, P3, P4 wes 
timer I/O and INT» interrupt input) 

8-bitX1 

8-bitX1 

8-bit or 9-bitX1 

8-bit prescalerx2+8-bit timerX3 (8-bit timerX2 when serial I/O is used) 
128 levels (max.) 


Input/Output port 


ms) 

> 

li | 
—~ 

it 





Serial |1/O 
Timers - 

Subroutine nesting 

Two external interrupts (1 of external interrupt is in common with port P32) 
Three timer interrupts (or timerX2, serial 1/OX1) 

Clock generating circuit Built-in (Ceramic or Quartz crystal oscillator) 
5V+10% 


30mW (at 8MHz frenquency) 


Supply voltage | 
Power dissipation . at high-speed operation 


Input/output voltage 
Input/Output characteristics 


ao 


5mA (Ports P3, P4, P6) 

Possible 

—10~70°C 

CMOS silicon gate 

M50747-XXXSP 64-pin shrink plastic molded DIP 
M50747-XXXFP 72-pin plastic molded QFP 


Output current 
Memory expansion 
Operating temperature range _ . 


Device structure | 


Package 
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PIN DESCRIPTION 














Functions 













Power supply inputs 5V10% to Voc, and OV to Vsgs. 


This is usually connected to Vgs. - 


To enter the reset state, the reset input pin must be kept at a “L” for more than 2us (under normal Vcc 
conditions). If more time is needed for the crystal oscillator to stabilize, this “L” condition should be main- 
tained for the required time. 


~ eee ed 


SN a 


POg~P0O7 | I/O port PO 


P19>~P17 | I/O port P1 
P29~P27 | I/O port P2 


P39~P37 | I/O port P3 








This chip has an internal clock generating circuit. To control generating frequency, an external ceramic or a 
quartz crystal oscillator is connected between the’ Xj and Xour pins. If an external clock is used, the clock 
source should be connected the Xy pin and the Xour pin should be left open. 









Port PO is an 8-bit 1/O port with directional registers allowing each I/O bit to be individually programmed as 
input or output. At reset, this port is set to input mode. 
The output structure is CMOS output. 


Port P1 is an 8-bit I/O port and has basically the same functions as port PO. 
Port P2 is an 8-bit |/O port and has basically the same functions as port PO. . 


Port P3 is an 8-bit I/O port and has basically the same functions as port PO. When serial I/O is used, P3., 
P35, and P3, work as CLK, TxD pins, respectively. 

When clock synchronous serial |/O is used, P37 works as Sapy. Also P33 and P32 work as CNTR pin and the 
lowest order interrupt input pin (INT2) , respectively. 







P49~P4, | I/O port P4 
P59~~P57 | Input port P5 
P69-~P67 | Output port P6 





Port P4 is an 8-bit I/O port and has basically the same functions as port PO. 


Port P5 is an 8-bit input port. 
Port P6 is an 8-bit output port. The output structure is CMOS output. . 
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BASIC FUNCTION BLOCKS | 


MEMORY 
A memory map for the M50747-XXXSP is shown in Figure 


1. Addresses E0001, to FFFFig are assigned to the built-in 


ROM area which consists of 8192 bytes. | 

Addresses FF00;, to FFFFig are a special address area 
(special page). By using the special page addressing 
mode of the JSR instruction, subroutines addressed on this 
page can be called with only 2, bytes. Addreeses FFF4¢ to 
FFFFi. are vector addresses. used for the reset and inter- 


etc., are assigned to this area. 


rupts (see interrupt chapter). Addresses 0000, to OOFFi¢ 
are the zero page address area. By using the zero page 
addressing mode, this area can also be accessed with 2 
bytes. The use of these addressing methods will greatly re- 
duce the object size required. The RAM, !/O port, timer, 


Addresses 0000;, to OOBFig and 0100, to 013F,,. are 
assigned to the built-in RAM and respectively consist of 
192 bytes and 64 bytes. of static RAM. In addition to data 
storage, this RAM is used for the stack during subroutine 
calls and interrupts. 


Decimal 


000016 


RAM | 
(192 bytes) 


OOBFi¢ 
Zero page 


OOE016 


OOFFi6 
010016 


013Fi¢ 


RAM 
(64’ bytes) 





E0001¢6 


FF00i¢ 


ROM 
(8192 bytes) ; 
Special 
page for 
subroutine 
call 





FFF 416 Address L 


Address H 
Address H 
Address H 
Address L 
Address H 
Address H 







FFFFi¢ 


Fig.1 Memory map 


7” QOEOs. 
00E11¢ 
00E2;¢ 
00E3:¢ 
00E4,, 
00E5:. 
00E6 1, 
00E7;¢ 
00E8:¢ 
00E9:.¢ 
OOEAi. 
OOEBi. 
Q0EC¢ 
00ED,¢ 
QOEE 1. 
-O0EF 16 
00F0,¢ 
O0F 116 
00F 216 
00F3,¢ 
00F 446 
O0F5i¢ 
00F6,¢ 
O0F7 16 
00F8,¢ 
00F91¢ 
OOF Ais 
00FB,¢ 

 OOFCi. 
OOF Di. 
OOFE;, 


\ 
\ OOF Fi. 
\ 





Port PO 

Port Po aieationsl 
Port P1 | 

Port Pl ican 
Port P2 


Port P2 







directional 
register 





Port P3 
Port P3 


directional 
register 


Port P 


directional - 
register 


Port P6 


U vU 
° fe) 
> > 
U Uv 
on oS 


Transmit/Receive 
mode register __ 
Transmit/Receive 
control register 


Transmit register 


Receive buffer register 


Timer 1,2 prescaler 
INT» \ 

\ : 

S 1/0 or Timer 2 \ 

\ 


Timer 1 Timer X prescaler 


\ 
\ 
\ 


Timer X 
INT, 


RESET 
65535 


Interrupt control register 


Timer control register 


a mg b= 
3 = al = 
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CENTRAL PROCESSING UNIT (CPU) | 


The CPU consists of 6 registers and is shown in Figure 2. 


ACCUMULATOR (A) | 
The 8-bit accumulator (A) is the main register of the micro- 
computer. Data operations such as data transfer, Input/Out- 
put, etc., are executed mainly through accumulator. 


Accumulator 
Index register X 
Index register Y 
Stack pointer 


Program counter 





Fig.2 Register structure 


INDEX REGISTER X (X) 


The index register X is an 8-bit register. 

In the index addressing mode, the value of the OPERAND 
added to the contents of the register X, specifies the real 
address. When the T flag in the processor status register is 
set to “1”, the index register X itself becomes the address 
for the second OPERAND. 


INDEX REGISTER Y (Y) 

The index register Y is an 8-bit register. . 

In the index addressing mode, the value of the OPERAND 
added to the contents of the register Y specifies the real 
address. 


7 0 
u{vfrfelo]rfz}o! Processor status register 


Carry flag 

Zero flag 

Interrupt disable flag 
Decimal mode flag 
Break flag 

Index X mode flag 


Overtlow flag 


Negative flag 
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STACK POINTER (S) 


The stack pointer (S) is an 8-bit register that contains the 


address of the next location in the stack. It is mainly used 
during interrupts and subroutine calls. The stack pointer is 
not automatically initialized after reset and should be initial- 
ized by the program using the TXS instruction. 

‘The location of the stack can be determined by the stack 
page bit (bit 4 at address OOFF6). When bit 4 is “0” and 
the contents of the stack pointer is XXj., the stack address 
is set to OOXX,¢. When bit 4 is “1”, the stack address is set 


to 01XXig. When using this microcomputer in the single- 
chip mode, the stack page bit must be “O” and the stack 


pointer should be set at the bottom address of the internal 
RAM. | 


When an interrupt occurs, the higher 8 bits of the program. 


counter are pushed into the stack first, and then the lower 8 
bits of the program counter are pushed into the stack. After 
each byte is pushed into the stack, the stack pointer is de- 
cremented by one. Next, the contents of the processor sta- 
tus register are pushed into the stack. When the return from 
_interrupt instruction (RTI) is executed, the program counter 
are processor status register data is pulled off ne stack in 
reverse order from above. 

The Accumulator is never pushed into the stack automati- 
cally. A Push Accumulator instruction,(PHA) is provided to 
execute this function. Restoring the Accumulator to its pre- 
vious value is accomplished by the Pull Accumulator in- 
struction (PLA). It is executed in reverse order of the PHA 
instruction. | 

The contents of the Processor Status Register (PS) are 
pushed (pulled) to (from) the stack with the PHP and PLP 
instructions, respectively. Only the program counter is 
pushed into the stack during a subroutine call. Therefore, 
‘any registers that should not be destroyed should be 
pushed into the stack manually. The RTS instruction is 
used to return from a subroutine. 


PROGRAM COUNTER (PC) 

The 16-bit program counter consists of two 8-bit registers 
PCy, and PC,. The program counter is used to indicate the 
address of the next instruction to be executed. 


PROCESSOR STATUS REGISTER (PS) 

The processor status register is composed entirely of flags 
used to indicate the condition of the processor immediately 
after an operation. Branch operations can be performed by 
testing the. Carry flag (C), Zero flag (Z), Overflow flag (V) 
or, the Negative flag (N). 
plained below. 
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Each bit of the register is ex- _ 


1. Carry flag (C) 

The carry flag contains the carry or borrow generated by 
the Arithmetic and Logical operation Unit (ALU) im- 
mediately after an operation. It also changed by the shift 
and rotate instructions. The set carry (SEC) and clear carry 
(CLC) instructions allow direct access for setting and 


- Clearing this flag. 


2. .Zero flag (Z) 

This flag is used to indicate if the immediate operation 
generated a zero result or not. If the result is zero, the zero 
flag will be set to “1”. If-the result is not zero, the zero flag 
will be set to “0”. 


3. Interrupt disable flag (I) 

This flag is used to disable all interrupts. This is accom- 
plished by setting the flag to “1”. When an interrupt, this 
flag is automatically set to “1” to prevent other interrupts 
from interfering until the current interrupt is completed. The 
SEI and CLI instructions are used to set and clear this flag, 
respectively. | 


4. Decimal mode flag (D). | 

The decimal mode flag is used to define whether addition 
and subtraction are executed in binary or decimal. If the 
decimal mode flag is set to “1”, the operations are ex- 
ecuted in decimal, if the flag is set to “0”, the operations 
are executed in binary. Decimal correction is automatically 
executed. The SED and CLD instructions are used to set: 
and clear this flag, respectively. 


5. Break flag (B) 


When the BRK instruction is executed, the same operations 
are performed as in an interrupt. The address of the inter- 
rupt vector of the BRK instruction is the same as that of the 
lowest priority interrupt. The contents of the B flag can be 
checked to determine which condition caused the interrupt. 
If the BRK instruction caused the interrupt, the break flag 
will be “1”, otherwise it will be “0”. - 


6. Index X mode flag (T) 

When the T flag is “1”, operations between memories are 
executed directly without passing through the accumulator. 
Operations between memories involving the accumulator 
are executed when the T flag is “O” (i.e., operation results 
between memories 1 and 2 are stored in the accumulator). 
The address of memory 1 is specified by the contents of 
the index register X, and that of memory 2 is specified by 


_ the normal addressing mode. The SET and CLT instructions 


are used to set and clear the index X mode flag, respec- 
tively. 
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7.. Overflow flag (V) | 
The overflow flag functions when one byte is added or sub 
tracted as a signed binary number. When the result. ex- 
ceeds +127 or —128, the overflow flag is set to “1”. When 
the BIT instruction is executed, bit 6 of the memory location 
is input to the overflow flag. The overflow flag is reset by 
the CLV instruction and there is no set instruction. 


8. Negative flag (N) 

The negative flag is set whenever the result of a data trans- 
fer or operation is negative (bit 7 is set to “1”). Whenever 
the BIT instruction is executed, bit 7 of the memory location 
is input to the negative flag. There are no instructions for 
directly setting or resetting the negative flag. 


Table 1 Interrupt vector address and priority 























FFF916, FFF816 
Timer 2 or serial 1/O FFF716, FFF616 
INT2(BRK) | 6] FFF St, FFF 446 


Interrupt 
request 


Interrupt disable flag | 


Fig.3 Interrupt control 


INTERRUPT 

The M50747-XXXSP can be interrupted from seven: souces; 
INT,, timer X, timer 1, timer 2/serial I/O, or INT./BRK in- 
struction. 

However, the INT» pin is used with port P83, and the corres- 
ponding directional register bit should be set to “O” when 
P3. is used as an interrupt input pin. 

The value of bit 2 and bit 3 of the transmit/receive mode 
register (address 00F4,,) determine whether. the interrupt 
is from timer 2 or from serial 1/O. When these bits are “00” 
the interrupt is from timer 2, otherwise the interrupt is from 
serial |1/O. Also, when the bit 2 is “1”, parts of port P3 are 
used for serial |/O. These interrupts are vectored and their 
priorities are shown in Table 1. Reset is included in this 
table since it has the same functions as the interrupts. 
When an interrupt is accepted, the contents of certain reg- 
isters are pushed into specified locations, (as discussed in 
the stack pointer section) the interrupt disable flag | is set, 
the program jumps to the address specified by the interrupt 
vector, and the interrupt request bit is cleared automatical- 
ly. The reset interrupt is the highest priority interrupt and 
can never be inhibited. Except for the reset interrupt, all in- 
terrupts are inhibited when the interrupt disable flag is set 
to “1”. All of the other interrupts can further be controlled 
individually via the interrupt control register shown in Figure 








Bit 7: INT, pin interrupt request bit 

Bit 6 : INT, pin interrupt enable bit 

Bit 5: Timer 1 interrupt request bit 

Bit 4: Timer 1 interrupt enable bit 

Bit 3 : Timer 2 interrupt or serial 1/0 interrupt request bit 
Bit 2 > Timer 2 interrupt or serial I/O interrupt enable bit 
Bit 1: INT2 pin interrupt request bit 

Bit 0: INT> pin interrupt enable bit 


Timer control register (Address OOFFi¢) 
Bit 7 : Timer X interrupt request bit 
Bit 6 - Timer X interrupt enable bit 
Bit 5 - Timer X count stop bit 
Bit 4 : Stack aae bit 
Bit 3° 
oe ae | timer x mode bit 
Bit 2: , 
Bit 1: 


Processor mode bit 
Bit 0: 
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3. An interrupt is accepted when the interrupt enable bit 
and the interrupt request bit are both “1” and the interrupt 
disable flag is “0”. 3 

The interrupt request bits are set when the following condi- 
tions occur: 7 “4 

(1) When the INT; or INT. pins go from “H” to “L” 

(2) When the contents of timer X, timer 1, timer 2 (or the 

serial |/O counter) go to “0” | —_ 

These request bits can be reset by the program but can not 
be set by the program. However, the interrupt enable bit 
can be set and reset by the program. - 

The interrupt from serial 1/O is used switching with that 
from timer 2. This interrupt is slightly different from the 
others. When serial I/O is selected, the interrupt becomes 
automatically the interrupt from serial 1/O. Because the in- 
terrupt request bit of timer 2 is edge-senced and not level- 


senced, when interrupts are generated from both transmit 
and receive sides as illustrated in Figure 5, transmit inter- 
rupts will not be accepted by only taking OR of receive in- 
terrupt flag Rl and transmit flag Tl. Even if RI is cleared to 
-“Q”" by executing receive interrupt processing and is re- 
turned to the main routine, TI is “1” and its level will not be 
changed. In order to accept interrupts in the above state, 
when RI or TI is cleared from “1” to “O” the pulse is gener- 
ated automatically and lets the request bit go from “H” to 
“L”. By doing so, the level will be changed. The interrupt 
processing routine of serial |/O is shown in Figure 4. 
Since the BRK instruction and the INT» interrupt have the 
“game vectored address, the contents of the B flag must be 
checked to determine if the BRK instruction caused the in- 
terrupt or if INT. generated the interrupt. 





Interrupt entrance 


( 


YES Overrun framing 


Error ? 


Parity error ? 


Error processing | 


Receive processing 


Interrupt disable flag is set to “1” 


and interrupt request bit is cleared to “0” 
by hardware 


Transmit processing Error processing 


Interrupt exit 





Fig.4 Interrupt processing routine 
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TIMER 

- The M50747-XXXSP has three timers; timer X, timer 1, and 
timer 2. Since P3 (in serial |1/O mode) and timer 2 use 
some of the same architecture, they cannot be used at the 
same time (see serial |/O section). Timer X has four modes 
which can be selected by bit 2 and 3 of the timer control 
register. When the timer X count stop bit (bit 5) is set to 
“4” the timer X will stop regardless of which mode it is in. 
A block diagram of. timer X, timer 1, timer 2 and serial I/O 
is shown in Figure 5. 

The P383/CNTR pin cannot be used as CNTR when P39, is 
being used in the normal I/O mode. 

Timer 1 and timer 2 share with a prescaler. This prescaler 
has an 8-bit programmable latch used as a frequency di- 
vider. The division ratio is defined as 1/(n+1), where n is 
the decimal contents of the prescaler latch. All three timers 
are down-count timers which are reloaded from the timer 


Data bus 





Oscillator 


Divider . When STP 
' Ul instruction 
1/16 me i, is executed 


Pulse width measurement 


- mode 

P33/CNTR yo 
e Event counter mode 
© 


Pulse output mode 
O 


connected 
" coercively. 








Timer X count stop bit 
(Bit 5 of address OOFFi¢) 


latch following the zero cycle of the timer (i.e. the cycle af- . 
ter the timer counts to zero). 
The timer interrupt request bit is set to “1” during the next 
clock pulse after the timer reaches zero. The interrupt and 
timer control registers are located at addresses OOFE;, and 
OOFFi¢, respectively (see interrupt section). 
The four modes of timer X as follows: 
(1) Timer mode (00) 
In this mode the clock is driven by the oscillator fre- 
quency divided by 16. When the timer down-counts to 
zero, the timer interrupt request bit is set to “1” and 
the contents of the timer’s latch is Teloaged into the 
timer and the counting begins again. 
(2) Pulse output mode [01] 
In this mode, the polarity of the CNTR signal is re- 
versed each time the timer down-counts to zero. 













to timer X interrupt 


Gi Toggle flip-flop 





Prescaler (8) lt 1 ( 


Ri 
Tl 






Edge pulse generating 


| circuit : j 

















request bit 
Reset, or STP 
instruction 
Timer 2 “Tr 
oO timer 1 
interrupt Timer | Timer 2(8) | 
request 
bit 
5 to timer 2 or serial I/O 


REQ ~ interrupt request bit 






set interrupt request bit at this rising edge 





Fig.5 
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(3) “Event counter mode [10] 


This mode operates in the same manner as the timer 


mode except the clock ‘source is input to the CNTR 
pin. This mode will allow an interrupt to be generated 
whenever a specified number of external events have 
been generated. The timer down-counts every rising 
edge of the clock source. . 
Pulse width measurement mode [11] 

This mode measures the pulse width (between lows) 
input to the CNTR pin. The timer, driven by the oscilla- 


| tor frequency divided by 16, continues counting during 


the low cycle of the CNTR pin. When the timer con- 


tents reaches “0”, the interrupt request bitis set to“1”, 


the timer’s reload latch is reloaded and the counting 
resumes. 


The structure of the timer control register is shown in 


Figure 6. . 

When the STP instruction is executed, or after reset; 
the prescaler and timer latch are set to FFig and 0146, 
respectively. Also, when the STP instruction is ex- 
ecuted, the oscillator’s frequency (divided by 16) will 


become the counting source, regardless of the timer X. 


mode setting. This state will be released when the tim- 


er X interrupt request bit is set to “1”, or after a reset. 


Timer X will then enter the mode specified by its mode 
bits. For more details on the STP instruction, refer to 
the oscillation circuit section. 2 





7 x rf ‘ 0 ‘ , 
Fy [of | ff |] Timer contro! register (Address OOFFi¢) 


Processor mode bit 
00 : Single-chip mode 
01: Memory expanding mode 
10 : Microprocessor mode 
11: Eva-chip mode 


Timer X mode bit 
00 : Timer mode 
01 : Pulse output mode 
10 : Event counter mode . 
11 : Pulse width measurement mode 


Stack page bit . 
0:0 page 
1:1 page 


Timer X count stop bit 
0 : Count start 
1: Count stop 


Timer X interrupt enable bit 
0: Interrupt disable 
1: Interrupt enable 


Timer X interrupt request 
0 : No interrupt request bit 
1 : With interrupt request 


Fig.6 Structure of timer control register 
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SERIAL I/O 

Figure 7 is a block diagram of the serial !/O. Two types ex- 
ist in serial data transfer: the clock synchronous type in 
which data is transferred, synchronized with the clock, and 
the asynchronous type (UART) in which data is transferred 
using the start and stop bits. The user can choose either 
type. There are two asynchronous type modes: 8-bit data 
transfer and 9-bit data transfer. The receive ready signal 
(Sppy), clock 1/O (CLK), data I/O (T,D and RxD) pins 
share the same pins as P37, P3,, P35, P3q. | 


Figure 8 gives the bit configuration for the transmisson/re- 


ceive mode register and transmisson/receive control regis- 
ter. The transmit/receive mode register (00F4,,) is a 5-bit 
register. Bits 1 and O are used to define the clock source 
for synchronization. When the contents of bits 1 and 0 are 
(00) or (01), respectively, the external clock is used. The 
external clock is input to pin P3,g. Use an external clock 
with a 50% duty cycle and a frequency lower than 500kHz. 
When the contents of bits 1 and 0 are (10) or (11), respec- 
tively, the built-in clock is used. 

When the contents are [10], the overflow signal from timer 
2 is used for the clock source. Therefore, by changing the 
division rate, the data transfer speed can be controlled. 
When the contents are [11], the frequency obtained by di- 
viding the oscillation frequency by 16 is used as the clock 
source. : 

Bits 2 and 3 are used to define which pins on port P3 are to 
be used as serial |/O, and which type of serial I/O to used. 
When the contents are [00], respectively, port P3 is used 
as a normal parallel port. 

When the contents are [01], respectively, the clock syn- 
chronous type serial !/O is used. 

P37/Srpy on port-P3 is used as the receive ready signal 





pin. P38g/CLK is used as the input or output pin. When an 


external clock is to be used, the signal from the clock is 
‘connected to this pin. When the built-in clock is to be used, 
the signal from the clock is output to this pin. P3;5/T,D is 
used as the serial data output pin. P3,/RyD is used as the 
serial data input pin. When this pin is not used as the serial 
‘data input pin, it can be used as the normal input/output 
pin. When this pin is used as the serial data input pin, set 
the directional register to the input mode. 

When the contents are [10], this serial |1/O is used as an 8- 
bit asynchronous serial !/O. If the external clock source is 
selected together with the bit contents (10], the clock sig- 
nal is input to P3g/CLK on port P3. The data transfer speed 
is 1/16 of the clock frequency. When the built-in clock is 


used, this can be.used as the normal input/output pin. P3;/. 


TxD is used as the serial data output pin. P3,/R,D is used 
as the serial data input pin. When this is not used as the 
serial data input pin, it can be used asa normal input/out- 
put pin. When this pin is used as a serial data input pin, set 
the directional register-to the input mode. When the con- 
tents are (11), a 9-bit asynchronous serial !/O is selected. 
The functions on port P3 are the same as in the 8-bit case. 

Bit 4 is used to select the sleep mode. The sleep mode is 


valid only for asynchronous transmission. See the section on 
the sleep mode for further explanation. When the contents 


-are “Q”, the sleep mode is disabled. When the contents are 


“1”, the sleep mode is enabled. . 

The transmission/receive control register is an 8-bit regis- 
ter. Bits 1, 3, 4, 5 and 7 are for read only. Each bit is ex- 
plained as follows. 


Transmit enable bit (TE) 

When this bit is set to “O”, the send clock is pulled up to 
“H”, the transmit completion bit (TI) is cleared to “0”, trans- 
mission is terminated, and the serial I/O is initialized. When 
this bit is set to “1”, transmission starts. Therefore, send 
data must be written into the transmission register prior to 
setting it to “1”. When the transmission is completed, the 
serial |/O stops and the transmission clock is pulled up to 
“H” automatically. | y _ 

Once the above operation has been peformed, transmission 
starts by writing data into the transmission register. 


Transmit completion bit (TI) 

This bit is cleared to “0” when the transmit enable bit (TE) 
is set to “O”, or when data is written into the transmission 
register. When transmission is completed, this bit is set to 
“1”, An OR operation is performed between the transmit 
completion bit (TI) and the receive completion bit (RI), and 
the result is input into the interrupt request bit (bit 3 of 
address OOFE,,). See the section on interrupts for more in- 
formation. _ | 


Receive enable bit (RE) 

When this bit is cleared to “0”, the receive completion bit 
(RI), the overrun framing error (OFR), and the receive par- 
ity error bit (PER) are cleared and initialized. When this bit 
is set to “1”, the I/O enters the receive enable status. For 
the clock synchronous type serial I/O, data is fetched from 
the P3,/R,D pin and the contents of the receive register 
are shifted by 1 bit every time the receive clock changes 
from “L” to “H”. For the asynchronous type 1/O, receiving 
starts when a start bit is forwarded to P3,/RxD. 


Receive completion bit (RI) 42 
This bit is cleared to “O” when the receive enable bit is set 
to “O”, or when writing is performed to the receive buffer 


register. If the receive buffer is written to, no data is written — 


in the register and the previous data is preserved. When a 
set of data arrives in the receive buffer, and the receive 
completion bit (RI) is “0”, data is transferred to the receive 
buffer register. With this operation, receiving terminates 
and the receive completion bit (RI) is set to “1”. An OR op- 
eration is performed between the receive completion bit 
(RI), the transmit completion bit (TI), and the result is input 
to the interrupt request bit (bit 3 at address OOFE;,). For 
more information on the interrupts, see the corresponding 
section. 
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Overrun framing error bit (OFR) 


When the receive enable bit (RE) is set to “O” or when’ 


writing is performed to the receive buffer register, this bit is 
cleared to “0”. If an overrun or framing error occurs, this bit 


is set to “1”. An overrun, error occurs when the receive — 
completion bit (RI) remains set to “1” and the next data is. 


transferred from the receive register to the receive buffer 
register. A framing. error occurs when data arrives in the re- 
ceive register, (which should be transferred to the receive 
buffer register), and no stop bit exists. This bit is valid only 
for asynchronous transmission. | 


Receive parity error bit (PER) 
When the number of “1”s is in the received data register is 
odd, this bit is set to “1”. This bit is cleared to “O” when the 


receive enable bit (RE) is set to “O” or when melting is per- 


formed to Me receive buffer register. 


Receive data bit (T8) 


For 9-bit asynchronous transmission, this bit is transmitted 
as bit 8 data. 


Receive data bit 8 (R8) 

‘For 9-bit asynchronous transmission, this bit is used to re- 
ceive the bit 8 data. | 

The operation of each transmission method is described 
below. | 


CLOCK SYNCHRONOUS TYPE SERIAL 
TRANSMISSION 
Receiving starts when the. receive enable bit (RE) is set to 
“1”. Every time the receive clock changes from “L” to “H”, 
data is fetched from P3,/R,D pin and, simultaneously, the 
_ contents of the receive register are shifted by 1 bit. Data 
transmission starts from the least significant bit. When 8 bits 
_of data are received, the receive completion bit (RI) is set 
to “1”. When RI changes from “0” to “1”, the interrupt re- 
quest bit is set to “1”. When the internal clock is used, the 
receive clock stops in the “H” condition. When the external 
' clock is used, the clock does not stop. In this case, control 
this clock using external devices. Once the receive enable 
bit (RE) is set to “1”, writing to the receive buffer register 
-clears the receive completion bit (RI) and receiving res- 
tarts. Set a “0” in the transmission enable bit during re- 
ceiving. : 
‘Setting “1” in the transmission enable bit (TE) starts the 
transmission. Accordingly, write data in the transmission 
register before setting TE to “1”. Every time the transmis- 
sion clock changes from “H” to “L”, data is output from the 
P35/TxD pin. Data transmission starts from the least. signifi- 
cant. bit. The transmission completion bit (TI) is set to “1” 
_ for each 8 bits of data transmitted. When TI changes from 


“0” to “1”, the interrupt request bit is set to “1”. When the — 


internal clock is used, the clock stops in the “H” position af- 
ter transmitting 8 bits of data. When an external clock is 
used, the clock does not stop..In this case, control this 
clock using external devices. Once the transmission enable 
bit is set to “1”, writing data to the transmission register 
clears the transmission completion bit to “0” and starts the 
transmission. Set a “O” in the receive enable bit during 
transmission. When the external clock is: used, the trans- 
mission speed is the same as that of the clock. When the 
internal clock is used, the clock frequency obtained by di- 
viding the clock source by 16 is used for the transmission 
speed. Figure 9 gives the transmission timing. This figure 


also gives the timings for 8-bit and 9-bit asynchronous 


transmission, which is explained below. 


8-BIT ASYNCHRONOUS TRANSMISSION 


Setting the receive enable bit (RE) to “1” brings the I/O 
into the receiving ready status. Transmission starts when 


the first data that changes the level from “H” to “L” is re- 
ceived, and data is forwarded to the receive register. When 


8 bits of data are received and the receive completion bit 
(RI) is set to “1”, the 8-bits of data are transferred to the 
receive buffer register, and RI is set to “1”. See. the section 
on the interrupts for more information. If RI is set to “1”, no 
transfer is performed. The overrun framing error bit (OFR) 
is set to “1” when RI is set to “1” and the next data is re- 
ceived. When the stop bit is set to “0”, the OFR bit is set-to 
“1” regardless of the RI bit status. No other condition will 
change the contents of this bit. When the number of “1”s in 
the received data register is odd, the receive error bit 
(PER) is set to “1”. No other condition will change the con- 
tents of this bit. Bits Rl, OFR, and PER are cleared to “0” 
when writing is performed to the receive buffer register. 
When 8-bits of data are received, receiving automatically 
halts and the start bit of the next data is ready. 

When the transmission enable bit (TE) is set to “1” (after 
writing data to the transmit register) , transmission starts. 
First, the start bit “O” is sent, and data is transferred starting 
from the least significant bit. When the stop bit “1” is sent, 
the transmission completion bit (TI) is set to “1” and the 
transmission terminates. For more information on the inter- 
rupt, see the corresponding section. After the above opera- 
tion has been performed, the. transmission completion bit 
(TI) is cleared to “O” and transmission restarts after writing 
to the transmit register is perorned: 


9- BIT ASYNCHRONOUS TRANSMISSION 
Operation for 9-bit asynchronous transmission is same as 8- 
bit asynchronous transmission except that the transmission 
data consists of 9 bits. When receiving data, bit 8 of the re- | 
ceived data is input to bit.7 on address 00F5,, (transmit/. 
receive control: register). When transmitting data, the con- 
tents of.bit 6 in the transmit/receive control register is out- 
pus as bit 8 of the send data. 
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SLEEP MODE 

For 9-bit asynchronous transmission, when bit 4 (SM,) of 
the transmit/receive mode register (00F4,,) is set to “1” 
and bit 8 of the receive data is “0”, the received data is 
ignored. When bit 8 of the receive data is set to “1”, data is 
received. When the contents of SM, is “0”, data is re- 
ceived, regardless of the contents of bit 8 of the received 
data. For 8-bit asynchronous transmission, the stop bit 
works as bit 8 of the received data. The sleep mode is 
used when several local microcomputers are to be con- 
nected to a single host computer through the serial I/O. 
First, the host computer sets T8 to “1” and sends data. The 
data contains the address of the local microcomputer to be 
accessed. All the local microcomputers receive the same 
data. Each local microcomputer checks the data (address), 
and if the address is that assigned to the local micro- 
computer, bit 4 of the transmit/receive mode register is set 
to “0”. Bit 4 of the registers of all the other local micro- 
computers is set to “1”. Then, the host computer starts 
transmission by setting T8 to “0”. The local microcomputer 
whose SM, is “0” receives the transmitted data, while the 
other local microcomputers continue program execution 
without being interrupted by serial I/O. This is because 
SM, on these computers set to “1”. Thus, the host computer 
can communicate with a specific microcomputer. 
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Transmit/Receive mode register [Rs | 78 [perlorR| RI | RE| Th TE | Transmit/Receive control register 


(Address 00F4,,) 


, i (Address 00F5;,) 
= Synchronous clock source selection bit BitO: Transmit enable bit 
00: , ; 
01: External clock Bit 1: Transmit completion bit 
10: Timer 2 Bit 2: Receive enable bit 
a Caeiieton Jequency Bit3: Receive completion bit 
divided by 16 
Bit 4: Overrun framming error 
Serial communication selection bit bit 
00: Parallel port 
01: Clock synchronization ~ . - Receive parity error bit 
10: 8-bit UART . 
11°. 9-bit URAT 
. : Transmit data bit 8 
— Sleep selection bit . : Receive data bit 8 


0: Without sleep 
1: With sleep 





Fig.8 Bit structure of transmit/receive mode register and transmit/receive control register 


Clock synchronization — 


Transmit or receive 


clock (Internal clock source 
divided by 16 or external clock) 
Receive buffer register 

or transmit register write signal 


Serial 1/0 output 1,0 YD TOOEE 
Serial /O input RxD (mo XO X XX 2 XP ) 


Receive enable signal 


Savy 
Ri or Tl set 


Asynchronization 


Transmit or receive r-- 
clock (Clock source divided | J | | | j 

by 16) ; 

Receive buffer register ry 


or transmit register write | 


SlSnal Start bit 
Serial 1/O output TD 


Serial I/O input RxD 
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Fig.9 Serial 1/O timing 
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RESET CIRCUIT mended operating condition and the crystal oscillator 
The M50747-XXXSP is reset according to the sequence _ oscillation is stable and then returned to “H” level. The in- 
shown in Figure 10. It starts the program from the address ternal initializations following reset are shown in Figure 11. 
formed by using the content of address FFFF,, as the high |§ An example of the reset circuit is shown in Figure 12. 

order address and the content of the address FFFF,, as the | When the power on reset is used, the RESET pin must be 
low order address, when the RESET pin is held at “L” level _ held “L” until the oscillation of Xin-Xour becomes stable. 
for more than 2us while the power voltage is in the recom- 


ob 


RESET 


“ SYNC 


“Address 2 X21 KMS KOS O1S-AFEFE KEEFE ROAD) 
ae CK 2X 2K ZK 2 KAKA) 


Reset address from the vector table 


8~12 clock cycles ; _* ; 
Note 1 : Frequency relation of f(Xin) and ¢ is f(XiJ=4°¢ 





2: The mark “?” means that the address is changeable depending on the previous state 





Fig.10 Timing diagram at reset 


Address 
Power on 


M50747-XXXSP 


(1) Port PO directional register ( E 14, er 004 
(2) Port P1 directional register ( E34, )-~ 05054 
(3) Port P2 aiscuna register ( E54. @ O42 
(4) Port P3 directional register ( E915 )-**| OOse 7 


(5) Port P4 directional register ( EByg )-- 0 04. 





(6) Port6 (Note 1) ( EEis )- F Fie 


(7) Transmit/Receive mode ( F 44, ) °°: X)X)X| 00/0] 0] 


register 


(8) Transmit/Receive control F S46 . vse '0}0/0|0|0]0]o 


M50747-XXXSP 


register 


(9) Prescaler X FCig Je FP ve RESET 


Supply voltage 
detection circuit 





(0) Timer X FDig )- Outs 
(11) Interrupt control register F Eig 
(12) Timer control register F Fig 


(13) Interrupt disable a, PS 
flag for processor 
status register . 





(14) Program counter f SPC a oes aatase FEFFig _  Fig.12 Example of reset circuit 


( P CL ) ae sddross FF FE16 
Note 1 : Port P6 is the high-impedance state during reset. 
After return from reset, it is “FFy,”. 





Fig.11 Internal state of microcomputer at reset 
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lO PORTS 


(1) 


Port PO 

Port PO is an 8-bit |/O port with CMOS output. 

As shown in the memory map (Figure 1), port PO can 
be accessed at zero page memory address OOEQj.. 
Port PO has a directional register (address O0E1;,) 
Which can be used to program each individual bit as 
input (“O”) or as output (“1”). If the pins are program- 
med as output, the output data is latched to the port 
register and then output. When data is read from the 
output port the output pin level is not read, only the 
latched data in the port register is read. This allows a 
previously output value to be read correctly even 
though the output voltage level is shifted up or down. 
Pins set as input are in the floating state and the signal 
levels can thus be read. When data is written into the 
input port, the data is latched only to the port latch and 
the pin still remains in the floating state. 

Depending on the contents of the processor status reg- 
ister (bit 0 and bit 1 at address OOFF,,), four different 
modes can be selected; single-chip mode, memory ex- 
panding mode, microprocessor mode and eva-chip 
mode. These modes (excluding single-chip mode) 
have a multiplexed address output function in addition 
to the I/O function. For more details, see the processor 
mode information. . 
Port P14 

In the single-chip mode, port P1 has the same function 
as PO. In the other modes, P1’s functions are slightly 
different from PO’s. For more details, see the processor 
mode information. 

Port P2 . 

In the single-chip mode, port P2 has the same function 
as PO. In. the other modes, P2’s functions are slightly 
different from PO's. 

For more details, see the processor mode information. 
Port P3 | 

In the single-chip mode, port P3 has the same function 


as PO. In the other modes, P3’s functions are slightly 


different from PO’s. Port P3 can also be used as serial 
I/O, INT2 and I/O pins for timer X. For more details, 
see the processor mode information. 

Port P4 

Port P4 has the same function as port PO in the single- 
chip mode. This function does not change even though 
the processor mode changes. 





_ Port P5 


Port P5 is an input. 

Port P6 

Port P6 is a CMOS output port. See Figure 13 for more 
details. | 

Clock ¢ output pin 


_In normal conditions, the oscillator frequency divided 


by four is output as ¢. 


*i9) 


(10) 


INT; pin. | -_ 
The INT, pin is an interrupt input pin. The INT, inter- 
rupt request bit (bit 7 at address OOFE,,) is set to “1” 
when the input level of this pin changes from “H” to 
iy Da 

INT» pin (P3./INT> pin) 

The INT, pin is an interrupt input pin used with P3,. To 
use this pin as an interrupt pin, set the corresponding 
bit in the directional register to input (“0”). When this 
signal level changes from “H” to “L”, the interrupt re- 
quest bit (bit 1 at address OOFE,,) is set to “1”. 

CNTR pin (P33/CNTR pin) 

The P33/CNTR pin is.an |/O pin of timer X. To use this 
pin as the timer X input pin, set the corresponding | 





directional register bit to input (“0”). In the event coun- 


ter mode, CNTR becomes the input pin of the external 
pulse. In the pulse output mode, the CNTR output 
changes polarity each time the contents of timer X 
goes to “0”. In the pulse width measurement mode, the 


_ pulse to be measured is input to this pin. 
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Ports PO, P1, P2, P3, P4 





Directional register z 


Port latch 






| Ports PO, P1, P2, P3, P4 
Data bus 


(Note) P3 can be also used as 
’ 1/0 pin of serial 1/0 


Port P6 : $ 
| al Port P6 
Port P5 
, | Port P5 


Fig.13 Block diagram of ports PO~P6 (single-chip mode), and ¢ output format 
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PROCESSOR MODE 7 

By changing the contents of the processor mode bit (bit 0 
and 1 at address OOFF,,), four different operation modes 
can be selected; single-chip mode, memory expanding 
mode, microprocessor mode and evaluation chip (eva- 
chip) mode. In the memory expanding mode, microp- 
rocessor mode and eva-chip mode, ports PO~P3 can be 
used as multiplexed I/O for address, data and control sig- 
nals, as well as the normal functions of the I/O ports. 

Figure 15 shows the functions of ports PO~P3. © 

The memory map for the single-chip mode is illustrated in 
Figure 1 and for other modes, in Figure 14. 

By connecting CNVss to Vss, all four modes can be 
selected through software by changing the processor mode 
bits. Connecting CNVss to Vcc automatically forces the 
microcomputer into microprocessor mode. Supplying 10V to 
CNVsg places the microcomputer in the eva-chip mode. 
The four different modes are explained as follows: 


Internal ROM 


pao 
SSS NN 


WN 
_ 


Port PO~P2 


Me 


Microprocessor 
mode 


Memory 
expanding 
mode 


Eva-chip 
mode 


The shaded area is external 
memory area 





Fig.14 External memory area in processor mode 


(1) Single-chip mode (00) 
The microcomputer will automatically be in the single- 
chip mode when started from reset, if CNVss is con- 
nected to Vss. Ports PO~ P3 will work as original I/O 
ports. . | 

(2) Memory expanding mode [01) 
The microcomputer will be placed in the memory ex- 
panding mode when CNVégg is connected to Vss and 
the processor mode bits are set to “01”. This mode is 
used to add external memory when the internal mem- 
ory is not sufficient. 
In this mode, port PO and port P1 are as a system 
address bus and the original 1/O pin function is lost. 


Port P2 becomes the data bus of D7~Dg (including in- 
struction code) and loses its normal I/O functions. Pins 
P3, and P38 output the SYNC and R/W control signals, 
respectively when ¢ enters into the “H” state. Port P3. 
functions as an input port during this same transition. 
Microprocessor mode (10) 

After connecting CNVss to Vee and initiating a reset, 
the microcomputer will automatically default to this 
mode. 

In this mode, port PO and P71 are used as the system 
address bus and the original function of the !/O pins is 
lost. Port P2 becomes the data bus (D7~Dg) and loses 
its normal I/O functions. Port P38, and P38, become the 
SYNC and R/W pins, respectively and the normal |/O 
functions are lost. 

Eva-chip mode [11] 

When 10V is supplied to CNVss pin, the microcomputer 
is forced into the eva-chip mode. The main purpose of 
this mode is to evaluate ROM programs prior to mask- 
ing them into the microcomputer’s internal ROM. 

In this mode, the internal ROM is inhibited so the ex- 
ternal memory is requierd. 

The lower 8 bits of address data for port PO is output 
when ¢goes to “H” state. When ¢goes to the “L” 
state, PO retains its original |/O functions. 

Port P1’s higher 8 bits of address data are output when 
¢ goes to “H” state and as it changes back to the “L” 
state it retains its original |/O functions. Port P2 retains 
its original output functions while ¢is at the “H” state, 
and works as a data bus of D7~ Dp (including instruc- 
tion code) while at the “L” state. Pins P38, and P3, out- 
put the SYNC and R/W control signals, respectively 
while gis in the “H” state. When in the “L” state, P3, 
and P3p, retain their original |/O function. 

The R/W output is used to read/write from/to:the out- 
side. When this pin is in the “H” state, the CPU reads 
data, and when in the “L” state, the CPU writes data. | 
The SYNC is a synchronous signal which goes to the: 
“H” state when it fetches the OP CODE. 

The relationship between the input level of CNVss and 
the processor mode is shown in Table 2. 
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Eva-chip ee | inc Microprocessor 
| mode 


Port PO . Ports P07;~P0p Ports P07;~P0, Ports POy~P0) Same as left 


| Address Address 
x 1/O port I/O port A7~Ao 


Ports P17~P1) Ports P1;7~P1, Ports P17~P1o Same as left 


I/O port : Address Y | . Address 
) ae eee 


Port P2 Ports P27~P2 3 Ports P27~P2 | Ports P27~P2c Same as left 


Ober | Output Data - Paden es Ge 
X vo» Bo | 8-05) 
2 a a 2 


Ports P3,-~P3, : Ports P37~P3, Ports P3;~P3, 


x 1/0 port co X I/O port . a} X 1/0 port 


Port P3 | Port P3, | Port P3, _| Same as left 


SYNC I/O port SYNC 


' Port P3, ~~ Port P35 


Fig.15 Processor mode and functions of ports PO~P3 





Table 2 Relationship between CNVsgsg pin input level and processor mode 


* Single-chip mode The single-chip mode is set by the reset. oe & 


¢ Memory expanding mode All modes can be selected by changing the processor mode bit with the program. 
¢ Eva-chip mode 


° Microprocessor mode 
The microprocessor mode is set by the reset. 


Voc ¢ Eva-chip mode 
* Microprocessor mode Eva-chip mode can be also selected by changing the Pisce est mode bit with the piogrene 


10V ¢ Eva-chip mode Eva-chip mode only. 
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CLOCK GENERATING CIRCUIT 

The built-in clock generating circuits are shown in Figure 
18. 

‘When the STP instruction is executed, the oscillation of in- 
ternal clock ¢is stopped in the “H” state. 

Also, the prescaler X and timer X are loaded with FF,, and 
O16, respectively.. The oscillator (dividing by 16) is then 
connected to the prescaler input. This connection is cleard 
when timer X overflows or the reset is in, as discussed in 
the timer section. 

The oscillator is restarted when an interrupt is accepted. 
However, the internal clock ¢keeps its “H” level until timer 
X overflows. 

This is because the oscillator needs a set-up period if a 
ceramic or a quartz crystal oscillator is used. | 
When the WIT instruction is executed, the internal clock ¢ 
stops in the “H” level but the oscillator continues running. 
This wait state is cleared when an interrupt is accepted. 
Since the oscillation does not stop, the next instructions are 
executed at once. 

To return from the stop or the wait status, the interrupt en- 
able bit must be set to “1” before executing STP or WIT in- 
struction. Especially, to return from the stop status, the tim- 
er X count stop bit (bit 5 of address OOFF,,) must be set to 
“0” before executing STP instruction. . 

The circuit example using a ceramic oscillator (or a quartz 
crystal oscillator) is shown in Figure 16. 

The constant capacitance will differ depending on which 


oscillator is used, and should be set to the manufactures 


_ Interrupt 
request 


had 
Interrupt 


disable flag | 


STP instruction 





ee | 


Df EHD eH 


Timer X converter stop bit 





Fig.18 Block diagram of clock generating circuit 
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Fig.16 External ceramic resonator circuit 


M50747-XXXSP 


Xin Xout 


External 
oscillating 
circuit 





Fig.17 External clock input circuit 


suggested value. 
The example of external clock uasge is shown in Figure 17. 
Xin is the input, and Xoyr iS Open. 
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STP instruction 


OC Internal clock ¢ 


Overflow 
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- PROGRAMMING NOTES | 3 
(1) The frequency ratio of the timer and the prescaler is 
1/(n-+1). | , , 
(2) Even though the BBC and BBS instructions are ex- 
ecuted after the interrupt request bits are modified (by 
the program), those instructions are only valid for the 
contents before the modification. Also, at least one in- 
struction cycle must be used (such as a NOP) between 
the modification of the interrupt request bits and the 
‘execution of the BBC and BBS instructions. 
(3) Reading the timer and prescaler must be avoided 
while the input to the prescaler is changing. | 
(4) After the ADC and SBC instructions are executed (in 
decimal mode), one instruction cycle (such as a NOP) 
is needed before the SEC, CLC, or CLD instructions 
are executed. 
(5) A NOP instruction must be used after the execution of 
a PLP instruction. 


DATA REQUIRED FOR MASK ORDERING 
Please send the following data for mask orders. 

(1) mask ROM confirmation form 

(2) mark specification form 

(3) ROM data Weikid saa eke eee tain kag hare FON eNRey OU ewEue’ EPROM 3sets 
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ABSOLUTE MAXIMUM RATINGS : 


I 
| 
l 










Vv Vv 
Input voltage, RESET, Xin, INTs, P5o~P5; | —0, 3~7 Vv 
V Vv 


' Input voltage, POg~P07, Plo~P17, P29~P27, P3p~ P37, e 
. oe =f ° eS or ’ With respect to Vss. —0.3~Vect0. 3 
o~ P47, ; : 


Output transistors cut-off 
Input voltage, CNVss —0.3~13 
Output voltage, P0Oo~P07, P| o~ PI 7 P2o~P2;, P39~ P37, 


7 
v | —0. 3~Vec+0. 3 V 
Pq Power dissipation Ta = 25C 1000( Note 1 ) mw 
Operating temperature . —10~70 a © 
Storage temperature fee pe —40~125 


Note 1°: 300mW for QFP types. 






















RECOMMENDED OPERATING CONDITIONS (Vcc =5v+10%, Ta = —10~70°C, unless otherwise noted) 


Symbol Parameter 


Voc Supply voltage 
“H” input voltage, POg~P07, Plo~Pl7, P29~P2z, 
Vin P39~P37, P4o~P47, P5o~P5z, 
INT;, RESET, Xin, CNVss 
“L” input voltage, POg~ P07, Plo~Pl7, P2o~P27, 
Vit P3q~ P37, P4gp~P47, P5p~P57, 
INT;, CNVgg 
H( peak) 


“L” peak output current, POg~P07, Plo~Pl7, P29~P27, 
P39~ P37, P4o~P47, P6g~ P67 
“L” average output current, POgo~P07, Plo~Pl7, P29~P27, 
P39~P37, P4o~P47, P6g~P67 
(Note 2 ) 
“H” peak output current, POg~P07, Plo~Pl7, P2o~P27, 
; P39~P37, P4o~P47, P6g~ P67 


“H” average output current, POg~P07, Pla~Pl7, P29~P27, 


lon(avg) P39~ P37, P49~P47P6p~ P67, 
(Note 2 ) 


Internal clock oscillating frequency 


Note 2 : The average output current lo.(avg) and lon(avg) are the average value of a period of 100ms 
3: Total of lo.(peak), Of ports PO, Pl, and P2 is 20mA 
Total of lon(peak), Of ports PO, Pl, and P2 is 20mA 
Total of I(peak), Of ports P3, P4, and P6 is 80mA 
Total of lon(peak), Of ports P3 and P4is 20mA_ 
Let the total of lon(peak), Of ports P6 below 60mA © 
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ELECTRICAL CHARACTERISTICS (Voc = SV, Vss = OV, Ta = 25°C, f(x,) = 8MHz, unless otherwise sia) 


Symbol © 7 a _ Parameter — . Test conditions - Sa Unit 











< 





“H” output voltage, P09~P07, Pl o™~Plz7, P29~P27, - . 
‘ lon = —10mA 3 : 
, . P39~P37, P4g~P47, P6g~P67 


“H” output voltage, 6 Aedes) ec en CA 


< 








< 


V 
“L” output voltage, POg~ P07, Plo~Pl7, P29~P2z, 
V : lo. = 10mA 
P39~ P37, P4g~P47, P6p~P67 ‘ : ' 


H 
L 
L 


No 


“L” output voltage, d — lo. = 5mA ee 
Hysteresis, P3, When used as CLK input 


1) 
(e) 
Oo 


0:3 








Hysteresis, INT, 
Hysteresis, P34 When used as INT2 pin 
Hysteresis, P33 When used as CNTR input 


S 
w 





Hysteresis, RESET 
Hysteresis, Xin : 


| “L” input current, POg~P07, Plo~P17, P29~P27, 
be 7 P3p~ P37, P4o>~P47, P5p~P5z, 
P69~ P67, INT:, RESET, Xin 
“H” input current, PQg~P07, Plo~P17, P29~P27, 
— 89+ P37, P4o~P47, P5p~P57, ly = 
P6y~P67, INT;, RESET, Xin | 


Ze | | fogy) = 8MHz 
At stop mode 
At stop mode 


2 
~) w 






| CO; 
oO o o}n _ — 







N 
3 
> 


is is 


| Output terminals 









Supply current are opened, 





‘others to Vss 





is 


is 
> > 






© 
ol 
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TIMING REQUIREMENTS 


Single-chip MOde (Voc = 5V10%, Vsg = OV, Ta = 25C, fog) = 8MHz, unless otherwise noted) 


Port PO input setup time 


Limits 
Typ 


Unit 









: 
BF 
oO 










Port Pl input setup time 200 
Port P2 input setup time 200 


Port P3 input setup time 
Port P4 input setup time 
Port P5 input setup time 
Port PO input hold time 












NO} R 
O;}O 
oO;o 


ir) 
(2) 
Oo 





tr i 
tf i 


O;/O;O]O};O!O 


N 
ol 


NO 
© 


lth | External clock rising edge time 
| te | External clock falling edge time 


Eva-chip mode and microprocessor mode 


(Voc = 5V£10%, Vsg = OV, Ta = 25°C, f(x) = 8MHz, unless otherwise noted) 


NO 
© 





NO 








Unit 





3 . Limits 
arameter ; 

| Min. | Typ. 
Port PO input setup time 


Port P2 input setup time 


oO 


ipo) 
oOo 


ot 
ol 
oO 







NO 
oO 


Port PO input hold time | 20 | 
Port Pl input hold time | 20 | 
Port P2 input hold time | 20 | 





N 7h 
oO;o 








Memory expanding mode and microprocessor mode 


(Veco = 5V410%, Vsg = OV, Ta = 25°C, f (x,y) = 8MHz, unless otherwise noted) 


Limits 
Typ 












Parameter 


Port P2 input setup time 150 
Port P2 input hold time 


Unit 


oO 
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SWITCHING CHARACTERISTICS 


Single-chip MOde (Vcc = 5V+10%, Vss = OV, Ta = BC, fay) = 8MHz, unless otherwise noted) 


' * Symbol Parameter Test conditions a4 


| Min, | Typ. 
td(éPoq) Port PO data output delay time . ae 


td(¢-p6a) Port P6 data output delay time | 



























Eva-chip mode (Voc = 5V+10%, Vss = OV, Ta = 25°C, foxy) = 8MHz, unless otherwise noted) 


td(¢-Poa) Port PO address output delay time . 


td(¢-P2a) Port P2 data output delay time 
td(¢-p2aF) Port P2 data output delay time 


Symbol - 









aie 
tatcawe) 
aes 
td(4-P3,0F) Port P3o data output delay time 

tate sine) 


td(¢-P3,q) | Port P3; data output delay time 


Port P3; data output delay time ee de ee) AO ne 


Memory expanding mode and microprocessor mode | 
’ ; * . (Veco = 5V10%, Vss = OV, Ta = 25C, fix) = 8MHz, unless otherwise noted) 


fs 3A a Parameter - Test conditions Unit 


| | Min | Typ. | Max 
td(¢ -P1A) ‘Port P] address output delay time fT 50 | ns 


td(¢-sync) | SYNC signal output delay time . 


td(¢-P3,QF) 














- Symbol 





Ht \ 











Fig.19 Ports PO~P4 and port P6 test circuit 
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TIMING DIAGRAMS 


In single-chip mode 


Port PO output 


Port PO input 


Port P1 output 


Port P1 input 


Port P2 output 


Port P2 input 


Port P3 output 


Port P3 input 


Port P4 output 


Port P4 input 
Port P5 input 


Port P6 output 


f(x.) 


td (¢—Poa) 


tsu (poo—¢) 


th (¢—Pop) 
td (¢—P1Q) 
tsu (P1D—¢) 
th (¢—P1D) 
td (¢—P2a) 
>, esas (er 
i _ 
| th (¢—-P2D) 
td (¢—P3aq) 
Mf 
a: ~ 
th (¢—P3D) 


td (¢—-P4q) 


% 





tsu (pap—¢) 


<— th (¢—pab) 


tsu (pso—¢) 


4 


th (¢—pspD) 


td (¢—P6aQ) 


\/ 
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In eva-chip mode 


Port PO output 
"Port PO input 
Port P1 output 
Port P1 input 
Port output 


Port P2 input 


Port P3, output (R/W) 


Port P3, output (SYNC) 


‘td (d—poa)’ ~ td (¢—PoAF) td (¢—Poar) 






td (¢—poa) 


ral 











tsu (pop— 


th (¢—pop) 








td (g—pt1a) td (¢—P1AF) td (¢-P1aF) 





th (¢—p2D) 


<— td (¢—PapaF) 


td (¢~—P3,QF) 


td (¢—P3,a) 
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In memory expanding mode and microprocessor mode 


¢ 
td (¢—Poa) 


4 


\Z 


Port P1 output 


>: ae 






Port P2 output 


| tsu (p2p—¢) , _ 
th (¢—P2D) 
td (¢—R/w) 


rr ars ork 





Port P2 input 


x 


Port P3p output (R/W) 


Port P3, output (SYNC) 


\Z 
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. DESCRIPTION 

The M50747H-XXXSP is a single-chip microcomputer de- 
signed with CMOS silicon gate technology. It is housed in a 
64-pin shrink plastic molded DIP (flat package type also 
available) . This single-chip microcomputer is useful for 
business equipment.and other consumer applications. 

In addition to its simple instruction sets, the ROM, RAM, 
and. I/O addresses are placed on the same memory map to 
enable easy programming. | | | 

In this section, the following explanations apply to the dif- 
ferences between the M50747-XXXSP and the M50747H- 
XXXSP. Other functions are explained in the M50747- 
XXXSP’s section in detail. 


PIN CONFIGURATION (TOP VIEW) 





1/O port P2 





P 
Output port P6 





1/O port PO 














~ Maximum value of.clock generating frequency 1/0 port P4 Pag <> PO, 
M507 47-XXXSP | Pay => 





M50747H-XXXSP_ : -12MHz | 


The differences between the M50747H-XXXSP and the 
M50747H-XXXFP are the package outline and power dis- 
sipation ability (absolute maximum ratings). 





P3,/Srpy 

P3,/CLK + 
P3</T.D+> 

1/O port P3,/RxD+> 
P3 |P3./CNTR +> 





dSXXX-HZPZ0SW 









1/0 port P1 





DISTINCTIVE FEATURES 













@ Number of basic instructions::----- OS GONE RSE e mre: 69 : 
| | P32/INT2 + 
e@ | Memory size ROM oo 8192 bytes 


| RAM = see seeetee ad eeeeeeneeeens --- 256 bytes 
@ Instruction execution time 7 






Interrupt input INT, — 


















so eKes 0.66us (minimum instructions at 12MHz frequency) CNVss 
@ Single power supply (Xin) =12M Hz Sis. sve seleie’ Ste; ae.o,e) Sieve 5V+5% Reset input RESET — _— P53 Input port P5 - 
Power dissipation Clock Input Xin — P54 
Clock output Xout 






normal operation mode (at 12MHz frequency) 45mW 





@ Subroutine nesting ee 128 levels (Max.) a 
@ Interrupts erect e eee toveetheesSswieds 7 types, 5 vecters 

@ 8-bit timers is anipniasie 3 (2 when used as serial I/O) 

@ Programmable I/O (Ports PO, P1, P2, P3, P4) --::+::-: 40 

@ Input ports (Port P5) Pagal oiale Hadi see sed REN a Re wee VER ae eae eG ama ee en Be 8 

e Output ports (Port P6) Patisstale Dai Rio ewig eGR Wo Be caret's RAs Rb ewedeus cadee 8 

@ Serial |/O (Clock synchronized or UART)-110+7+ piceeat 1 
APPLICATION 


Office automation equipment . 
VCR, Tuner, Audio-visual equipment 






NTR + [5] 








P35/TxD =| 
P34/RxD + lal 


P33/C 





NC : No connection 


Outline 72P6 — 
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SOL 


M50747H-XXXSP BLOCK DIAGRAM 


Clock input Clock output Timing output — Interrupt input Reset input (5V) (OV) (OV) 
Xin Xout 7 0) INT, RESET Voc Vss CNVss 


a san -—O— - —@—- —@— --—- - —_ - —_-—_-—_- 


TT I 










4 


Clock generating circuit 












Eee csec! Program Program 
register counter counter pI Instruction 
register (8) 


PS (8) PCy (8) PC, (8) 


aa ig 


Instruction 
decoder 


Control signal 


“aeld 
Prescaler 
ipeeeoey | 





8-bit 
arithmetic 






Timer X 
TX (8) 


==) 


ae 
PREX (8 







AAccumulato 


r ot 
mime. : 
UE UT 





See al 


| 

1 

1 

' 

and 

} logical unit 
| 

| 

! 

| 








2NAKS) 83435) ANGLE ANGS46K47148) 4 EOENE2) 


DIOOODOD -SHIBOGIVO WIIG APIO) PPIIOV DID MISO 
pe 


Output port P6 Input port P5 _ 1/0 port P4 I/O port P3 I/O port P2 I/O port P1 I/O port PO 


nip nn TT TO 2 





UALNdWODOUSIN SOWD LIG-8 dIHD-ATONIS 
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FUNCTIONS OF M50747H-XXXSP 


Number of basic instructions 69 
Instruction execution time ~ . 0. 66s (minimum instructions, at 12MHz of frequency) 
8 



















Clock frequency , 12MHz 
Memory size 
7 256bytes 






input/output port 


aca 
| [psd 
| 


Two external interrupts (1 of external interrupt is in common with port P32) 


8-bit<5 (Part of P3 are in common with Input/output of serial I/O 
PO, P1, P2, P3, P4 1/0 es ee 
; timer |/O and INT? interrupt input) 






Interrupts 


Clock generating circuit Built-in (Ceramic or Quartz crystal oscillator) 
Supply voltage 5V45% ; . | 


Three timer interrupts (or timerX2, serial |/OX1) 











Power dissipation ; at high-speed operation a 45mW (at 12MHz frenquency) 
Input/output characteristics - 
Output current 10mA (Ports P3, P4, P6) 


Operating temperature range —10~70°C ’ 


Device structure CMOS silicon gate 
M50747H-XXXSP 64-pin shrink plastic molded DIP 
M50747H-XXXFP 72-pin plastic molded QFP 


Package 


, 
nN 
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PIN DESCRIPTION 


Functions 


Power supply inputs 5V+5% to Vcc, and OV to Vgs. 


This is usually connected to Vss. 


To enter the reset state, the reset input pin must be kept at a “L” for more than 2us (under normal Voc 
conditions). If more time is needed for the crystal oscillator to stabilize, this “L” condition should be main- 
tained for the required time. 


Clock input This chip has an internal clock generating circuit. To control generating frequency, an external ceramic or a 
quartz crystal oscillator is connected between the Xjy and Xour pins. If an external clock is used, the clock 
Clock output source should be connected the Xiy pin and the Xour pin should be left open. 
pe Timing output Output This is the timing output pin. a 
NT Interrupt input This is the highest order interrupt input pin. . 


POo~P0O7 | I/O port PO Port PO is an 8-bit !/O port with directional registers allowing each 1/O bit to be individually programmed as 
input or output. At reset, this port is set to input mode. 
The output structure is CMOS output. : 
P159~P17 | I/O port P1 To Port P1 is an 8-bit 1/O port and has basically the same functions as port PO. 
P29~P27 | I/O port P2 |". Port P2 is an 8-bit 1/O port and has basically the same functions as port PO. 


30~ P37 | I/O port P3 Port P3 is an 8-bit I/O port and has basically the same functions as port PO. When serial I/O is used, P3¢, 
P35, and P34 work as CLK, TxD pins, respectively. 
When clock synchronous serial I/O is used, P37 works as Sapy. Also P33 and P32 work as CNTR pin and the 
lowest order interrupt input pin (INT) , respectively. 
I/O port P4 So Port P4 is an 8-bit I/O port and has basically the same functions as port PO. 


Input port P5S input Port P5 is an 8-bit input port. 
‘Output port P6 | pa Port P6 is an 8- ‘bit output port. The output structure is CMOS: output. 
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ABSOLUTE MAXIMUM RATINGS 


a 


Input voltage, POg~P07, Plo~Pl7, P2o~P27, P3o~P3z, 0. 3~Vac-+0. 3 
| —~Y.9~Vocc . 


























With respect to Vgs. 
Output transistors cut-off 


; P4p~ P4,, ‘ 
fi eeies er 


i900(Note 1) 


_YvV, Input voltage, CNVss 


Output voltage, POg~P07, Plo~P17, P29~P27, P3p~P3z, 





P49~P47, P6g~P67, Xour, 








Pd Power dissipation 
Topr — | Operating temperature | = =r 








TTstg [storage temperature SSS tm 


Note 1 : 300mW for QFP types. 


RECOMMENDED OPERATING CONDITIONS (Veco = 5V+5%, Ta = —10~70T, unless othahilbs noted) 



































P39~ P37, P49~P4, P5o~ P57, 
INT;, RESET, Xin, CNVss 


. | Limits 
idles rameter 
) 
“L” input voltage, POg~P07, Plo~P17, P29~P2;, 
P39~ P37, P4g~P47, P5g~ P57, 


0. 2Vcc V 
INT,, CNVss 
















Supply voltage . 
“H” input voltage, POg~P07, Plo~P17, P29>~P2z, 
Vin 
Vic 
[Mu |“ inputvotage Xm | BV] 
“L” peak output current, POo~P07, Plo~P17, P29~P2z, | 0 | ma 
P39~P37, P4o~P4z7, Py~P6; 
“L” average output current, P0p~P07, Plo~P17, P2o~P27, 


P39~ P37, P4o~ P47, P69~ P67 
lou( peak) 


(Note 2 ) 
lon(avg) 


“H” peak output current, POo~P07, Plo~P17, P29~P27, 


P39~ P37, P4)~P4,, P69~ P67 
“H” average output current, POg~P07, Plo ~Pl7, P29~P27, 
‘ P39~ P37, P4g~P47P69~ P67, 
(Note 2 ) 
Internal clock oscillating frequency 
Note 2 - The average output current loi(avg) and lon(avg) are the average value of a period of 100ms 
3: Total of lo(peak), Of ports PO, Pl, and P2 is 20mA 

Total of lou(peak), Of ports PO, P1, and P2 is 20mA 

Total of li.(peak), Of ports P3, P4, and P6 is 80mA 

Total of lou(peak), Of ports P3 and P4 is 20mA 

Let the total of lou(peak), of ports P6 below 60mA 
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ELECTRICAL CHARACTERISTICS (vec =5V, Vss = OV, Ta = 25, f(x.) = 12MHz, unless otherwise noted) 


“H” output voltage, POp~P07, Plo~Pl7, P29~P27, 
Bi : lou = —10mA 


Agee 3 “L” output voltage, POg~ P07, Plo~Pl7, P29~P2;, 
VoL lo. = 10mA 

P39~P37, P4g~P47, P6y~P67 . 
PvreWe [Hysteresis WH SCS~—“—~sS~SsSSOSCS~S 
| 


ee ed 
a areeeaerereee: 
“L” input current, POg~P07, Plo~Pl17, P29~P2;, 
ie. 7 P39~P37, P4g~P47, P5p~P57, Vv = OV 
P6y~P6;, INT;, RESET, Xin 
“H” input current, POg~P07, Plo~Pl7, P29~P2z, 
P39~P37, P4p~P47, P5g~P5z, / | Vv =5V 
P&y~P6;, INT;, RESET, Xin 


RAM retention voltage At stop mode 











f(xjy) = 12MHz 
Square wave 
Output terminals 
At stop mode 
Ta = 25C 
At stop mode 


Supply current are opened, 
others to Vss 
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TIMING REQUIREMENTS 


Single-chip MOde (Vec = 5V+5%, Vss = OV, Ta = 25°, f (x,,) = 12MHz, unless otherwise noted) 


[Pon POnputseuptime ———SSCSCSCSC~“~S*~“‘“SSCSSS 


th (¢-P1D) Port P1 input hold time 








Limits 
_ Typ 





2) 
c 
v 
oO 
ls) 
= 








th (¢-P2D) Port P2 input hold time 





th (¢-P3D) Port P3 input hold time 


; —_— —_— 
Mim} Myly]|rolo ° 
SIA/AIS[d/S ro) 


th (¢-PaD) Port P4 input hold time 








tk Gaben) Port P5 input hold time 
te External clock input cycle time 
tw External clock input pulse width 
tr | External clock rising edge time P| 










tf External clock falling edge time 


Eva-chip mode and microprocessor mode 


. (Voc = 5V#5%, Vsg = OV, Ta = 250, f(x) = 12MHz, unless otherwise noted) 


a eee eae 


Parameter 


Port PO input setup time 





Port PO input hold time | 
Port P1 input hold time 











Port P2 input hold time 


ee ee ae 


Memory expanding mode and microprocessor mode 


(Vcc = SVE5%, Veg = OV, Ta = 25°C, f(x.) = 12MHz, unless otherwise noted) 


ae ae eee 
min. [ typ. [ Max | 

Port P2 input setup time oe i ae ae ae | 

Lthispen) | PortPZinputholdtime CT | STs 











Parameter 
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SWITCHING CHARACTERISTICS 


Single-chip mode (Vcc = 5V+5%, Vss = 0V, Ta = 25°C, fixjy) = 12MHz, unless otherwise noted) 


Symbol 


td(¢Poa) 
tdi ¢P1aq) 





Eva-chip Mode (Vcc = 5V+5%, Vss = OV, Ta = 25°, fx,,) = 12MHz, unless otherwise noted) 


Symbol Parameter Test conditions 














Unit 


















Port P2 data output delay time 
R/W signal output delay time 
R/W signal output delay time 
Port P39 data output delay time 
Port P3p data output delay time 
SYNC signal output delay time 
: SYNC signal output delay time 
Port P3, data output delay time 
Port P3; data output delay time 





C40 [ne 
40 [ne 
a 
[ns 


lees 
Eee phd) 
eee 
eal 











| Twin, [ tye. [wax |" 
ea ao. | re | 
aes es 
am al 
ee es ea le net 
ame ET 
(ee 
cece a 
ee re 
pace 
40 [ ns 
Pas | 




















Memory expanding mode and microprocessor mode 
(Veco = 5V£5%, Vsg = OV, Ta = 25C, fx.) = 12MHz, unless otherwise noted) 






Test conditions 













Fig.1 Ports PO~P4 and port P6 test circuit 
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TIMING DIAGRAMS 


In single-chip mode ¢ : | 
| tsu (Pop—¢) ; 
Port PO input 
, th (¢—Pop) 
td (¢—P1Q) 
Port P1 output >: ae sae 
tsu (p1D—¢) 
Port Pi input 
th (¢—P1D) 
td (¢—p2Q) 
tsu (p20—¢) 
Port P2 input 
th (¢—P2D) 
td (¢—P3a) 


Port P3 output C 


tsu (p3p—¢) 
Port P3 input 
. , th (¢—p3p) 
td (¢—psaq) 


Port P4 input 


\/ 





<— th (¢—pap) 


tsu (psp—¢) 


th (¢—Psp) 
td (¢—Pp6a) | 
> re ares Se 


Port P5 input 


Port P6 output 


fx.) 
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(In eva-chip mode 


- Port PO output 


Port PO input 





td (¢—Poa) td (¢—PoAF) td (¢—-PoaF) 


Ox 


td (¢—-Poq) 


—| 


tsu (pop—¢) 
































th (¢—-Pop) 
td (¢g—p1a) td (d-P1AF) td (¢—P1a0F) 
Port P1 output e as F . 4 B. 4 
td (¢—-P1Q) 
' tsu (P1D—¢) : 
Port P1 input 
<— th (¢—P1D) 
td (¢—p2ar) 
parrot DX 
fens 
Port P2 input 
= th (¢—P2p) 
. td (¢—R/wW) td (¢—R/Wr) <— td (¢—p3,QF) 
Port P39 output (R/W) le sare > Cc ¢ sk 
td (¢—Pa,Q) 
td (¢—-sYNc) td (¢-SyYNCF) td (¢—P3,aF) 
Port P3, output (SYNC) i Cc |KxmM [x 
| ie td (¢—P3,Q) 
| 
| 
| 
| 
| 
| | 
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In memory expanding mode and microprocessor mode 


Port PO output 


Port P1 output 


td (d—P2QF)_ 


Port P2 output 


Port P2 input 


th (¢—Pp20) 





Port P3y) output (R/W) 
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DESCRIPTION 

The M50752-XXXSP, M50757-XXXSP and the M50758- 
XXXSP are single-chip microcomputers designed with. 
CMOS silicon gate technology. These are housed in a 52- 
pin shrink plastic molded DIP. 

These single-chip microcomputers are useful for business 
equipment and other consumer applications. 

In addition to their simple instruction sets, the ROM, RAM, 
and |/O addresses are placed on the same memory map to 
.enable easy programming. 

The differences among M50752-XXXSP, M50757-XXXSP 
and M50758-XXXSP are noted below. The difference be- 
tween M50757-XXXSP and M50758-XXXSP is the clock 
oscillating circuit only. 


[typename [ROM suo | RAW sze | Sipinnene | 









DISTINCTIVE FEATURES | 
@ Number of basic instructions'::::: Terre rerereererr errr ee ee ee ee ee 69 
@ Memory size | 
ROM °::"°:: 3072 bytes (M50757-XXXSP,M50758-XXXSP) 
: 4096 bytes (M50752-XXXSP) 
RAM rrr 96 bytes (M50757-XXXSP,M50758-XXXSP) 
| 128 bytes (M50752-XXXSP) 
® Instruction execution time 
eee 2us (minimum instructions at 4MHz frequency) 


© Single power supply f(Xiy)=4MHz 5V110% 
@ Power dissipation | 

"normal operation mode, at 4MHz frequency:::::: 15mW 
e Subroutine nesting siE SiG a etete ee ere seteleds Sib ls ae sted see's 48 levels (Max.) 
@ Interrupt iilaisiadeqauniead geee nena Me erisetans 6 types, 5 vecters 
@ 8-bit timer Serre rrr rr re rrr rr rrr rrr er er rr re ery 3 
@ Programmable I/O ports (Ports PO, P29~P25)-- 0° 14 
e@ Input port (Port R) iG Alesha el SOE Ris ia b Rp ATES SO LOS cals bS bi erelas nee WAS wae 4 
® High-voltage output ports (Ports P1, P38, P2,, P27) ----: 18 
APPLICATION 


VCR, Tuner, Audio-visual equipment 


PIN CONFIGURATION (TOP VIEW) 



























P27 _— Voc 
P2, + NC (Note 1) 
P2. ~~ _ P39 
1/0 port p2 | P24 ** =e PS; 
23 =. —- P3. 
P2, + —» P3, Output port P3 
NC _- P3., 
Poof} FS & Pt. 
PO; +> S 8 8 fle 
PO, +> ae CI ro) ds —> Pi, 
I/O port PO “ee — ca 
P03 - ~x< ~x< x< — P1 3 
<x < x Output port P1 
PO. +> — Pl 
| : x x X Al 
Interrupt input PO, + 2 oe oe —+ Pl. 
Timer output ue =? Pie 
and intrrupt input INT2 +> — Pl, 
; rae Pull-down 
Interrupt input INT, — —Vp voltage input 


NC —+ ¢d Timing output 


CNVss — Ro 

Reset input RESET — Ri Input port R 
Clock input Xin > — Ro 
OUTF *— — Rs 


X 
Clock output Clock output 
— Xcourt for timer X 


— Xoin Clock input 


for timer X 
Outline 52P4B 








NC : No connection 


Note 1 : Pin number 51 is Veco for M50752-XXXSP 
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-M50752- XXXSP BLOCK DIAGRAM 


Interrupt Reset Clock Clock Clock Timing 
input input input Output output output (5V) (Note1) (OV) (OV) 
INT; RESET Xin Xoutr Xourts ? Vcc Vec Vss CNVss 









Clock 
generating circuit 









ROM 









8-bit 





RAM 


































arithmetic ar 
, 72 bytes 

egies anaes Processor Program Program y 

: status counter counter (Note 3) 


unit register PS (8) PCy (8) PC, (8) 


Instruction 
Tim register (8) 
T1 (8) | 
Iba : 
a 4 
=aee Control signal 
a! 
PREX (8 TX (8 _e circuit 
(44Xa5) CENED—OX DD OCHO OCHO GOK KA2) COOS Oe Sr 
O port 
















G1K32)>—(43) 
See a aa orm Re 
neat; port R Output port-P3 1/0. a ~~ W/O port P2 Output port P1 PO _ INT, ee COUT 
| : Timer output Clock input Clock output | 
Pull-down .% . — and - for timer X for timer X 
voltage interrupt input 
input =~ Note 1 : NC for M50757-XXXSP and M50758-XXXSP. __ 


2 : 96 bytes for M50757-XXXSP and M50758-XXXSP. 
3 : 3072 bytes for M50757-XXXSP and M50758-XXXSP. 
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FUNCTIONS OF M50752-XXXSP | 


2us (minimum instructions, at 4MHz frequency) ; 
| 

















Memory size 







[ouput evict ——SCSCSC~C~“~“S*“‘“<“<CS 


Subroutine nesting 64 levels (max) (48levels for M50757-XXXSP and M50758-XXXSP) 


P1, P3;/P26, P27 


Input/Output ports 










for system clock Built-in (RC oscillation, ceramic oscillator for M50758-XXXSP) 


Clock generating circuit ; ; 

for timer X Built-in (quartz crystal oscillator) 
Supply voltage at normal operating 5V+10% | 
at high-speed operation 15mW (at 4MHz frequency) ~ 





Power dissipation 
at low-speed operation 4mW (at 20kH frequency) 


Input/Output voltage Vec—33V (Ports P1, P3, P2g~P2;7) 
Output current 10mA (Ports PO, P29~P2s), —12mA (Ports P1, P3, P2s~P27) 


Input/Output characteristics 
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Interrupts Two external interrupts, Three internal timer interrupts 
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PIN DESCRIPTION 


Functions 








Supply voltage Power supply inputs 5V+£10% to Voc, and OV to Vss. 


_CNVss CNVss . es This is usually connected to Vgs. ; , / 
Vp Pull-down voltage Input | This is the input voltage pin for the pull-down transistor of ports P41, P3, P2, and P27. 


Reset input To enter the reset state, the reset input pin must be kept at a “L” for more than 2us (under normal Vcc 
conditions). If more time is needed for the crystal oscillator to stabilize, this “L" condition should be main- 
tained for the required time. 








Clock input This chip has an internal clock generating circuit. To control generating frequency, a resistor is connected 
between the Xiy and Xouts or the Xoutr pins. If an external clock is used, the clock source should be con- 
nected to the Xin pin and the Xouts and Xoutr pins should be left open. 


Clock output Output This is output pin from internal clock generating circuit. The generating frequency can be controlled by 
connecting a resistor between this pin and Xin pin. a 


Xoutr Clock output This is output pin from internal clock generating circuit. The generating frequency can be controlled by 
connecting a resistor between this pin and Xjy pin. 











| Timing output Output This is the timing output pin. | | 


Clock |/O for timer X | These are I/O pins of the clock oscillating circuit for the timer X. To control generating frequency, an exter- 


Fou | nal ceramic or a quartz crystal oscillator is connected between the Xcinpin and Xcour pin. 
Output 


Interrupt input Input This is the lowest order interrupt input pin. 





Time output or This is in common with an output for the time X and an interrupt input pin. 
interrupt input 


Input port R Input Port R is a 4-bit input port. . 


1/0 aan PO Port PO is an 8-bit I/O port with directional registers allowing each I/O bit to be individually programmed as 
input or output. At reset, this port is set to input mode. 
The output structure is N-channel open drain. 





Output port P1 ( Port P1 is an 8-bit output port. 
The output structure is P-channel open drain. 


P29~P27 | !/O port P2 Port P2 is an 8-bit I/O port and has basically the same functions as port PO. For P2g and P27 pins, output 
; : structure is P-channel open drain, and a pull-down transistor is built in between the Vp pin. 


P3p~P3,7 | Output port P3 Output Port P3 is an 8-bit output port and has basically the same functions as port P1. 
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BASIC FUNCTION BLOCKS 


MEMORY | 

A memory map for the M50752-XXXSP is shown in Figure 
1. Addresses 1000;, to 1FFFig are assigned to the built-in 
ROM area which consists of 4096 bytes. 


Addresses 1400;, to 1FFF,, are the ROM address area 


assigned to the M50757-XXXSP and M50758-XXXSP. 

Addresses 1F00;, to 1FFFig are a special address area 
(special page) . By using the special page addressing 
mode of the JSR instruction, subroutines addressed on this 
page can be called with only 2 bytes. Addreeses 1FF4;, to 
1FFF,, are vector addresses used for the reset and inter- 


0000;, 






Decimal 


rupts (see interrupt chapter). Addresses 000015 to OOF Fy, 
are the zero page address area. By using the zero page 
addressing mode, this area can also be accessed with 2 
bytes. The use of these addressing methods will greatly re- 
duce the object size required. The RAM, |/O port, timer, 
etc., are assigned to this area. 

Addresses 0000,;, to 007F,, are assigned to the built-in 
RAM. and consist of 128 bytes of static RAM. Address 
0000, to O05Fi¢, an area of 96 bytes, assigned to M50757- 
XXXSP and M50758-XXXSP. In addition to data storage, this 
RAM is used for the stack during subroutine calls and inter- 
rupts. 


0 BIT 


OODFi¢ Port R 
: ) cae 









7 QOEQO;6] Port PO . 
/ a — 
RAM(128 bytes) | RAM(96 bytes) yi 00E1,6] Port PO a eas 
M50752-XXXSP |M50757-XXXSP Pa ae r : 
Zere eat | Seaeaare 008 
16 7 
age Sf - : 
si Not used of OOE5;¢] Port P2 Sects 
16 
O0E8;6 | Port P3 
\ 16 
\ 
\ s 
14004, \ 
\ 
\ 
\ 
\ 
1F0016 2 : Be 
\ i 
for 
M50752-XXXSP|_ ee oe \ ae 
and ; \ OOF9,¢] Timer 1,2 prescaler 
subroutine { 1FF4,, \ 
Pepoeae Timer 2 f _ OOFBie] Timer 2 
Timer 1 OOFC16] Timer X Prescaler 
INT, | \ OOFE4¢ | Interrupt control register 
\ 
olliched \ OOFF,,| Timer control register 
1FFFi¢ gi91 RESET on 16 g 





Fig.1 


Memory map 
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CENTRAL PROCESSING UNIT (CPU) INDEX REGISTER X (X) 


The CPU consists of 6 registers and is shown in Figure 2. The index register X is an 8-bit register. 
| ss In the index addressing mode, the value of the OPERAND 
ACCUMULATOR (A) | . | : added to the contents of the register X, specifies the real 
- The 8-bit accumulator (A) is the main register of the micro- address. When the T flag in the processor status register is 
computer. Data operations such as data transfer, input/out- set to “1”, the index register X itself becomes the address 
put, etc., are executed mainly through accumulator. | for the second OPERAND. 


INDEX REGISTER Y (Y) 

The index register Y is an 8-bit register. 
_In the index addressing mode, the value of the OPERAND 
added to the contents of the register Y specifies the real 
address. 


Carry flag 
Zero flag 


Interrupt disable flag 
Index register Y , 


7 0 a 
f «| Accumulator fw]vfrfefofi]z]e| Processor status register 


Decimal mode flag 


Stack pointer 


Index X mode flag 


7 2 0 
7 0 
_ ; 
7 0 
Y 

: : . Break flag 
[ os | 7 

TG : 0 

PCL 


1 . Overflow flag 
Negative flag 


Fig.2 Register structure | 
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STACK POINTER (S) 

The stack pointer (S) is an 8-bit register that contains the 
address of the next location in the stack. It is mainly used 
during interrupts and subroutine calls. The stack pointer is 
not automatically initialized after reset and should be initial- 
ized by the program using the TXS instruction. 

The contents of the stack pointer is XXj¢, the stack address 
is set to OOXX;s. When using this microcomputer in the 
single-chip mode, the stack pointer should be set at the 
bottom address of the internal RAM. 

When an interrupt occurs, the higher 8 bits of the program 
counter are pushed into the stack first, and then the lower 8 
bits of the program counter are pushed into the stack. After 
each byte is pushed into the stack, the stack pointer is de- 
cremented by one. Next, the contents of the processor sta- 
- tus register are pushed into the stack. When the return from 
interrupt instruction (RTI) is executed, the program counter 
are processor status register data is pulled off the stack in 
reverse order from above. . 

The Accumulator is never pushed into the stack automati- 


cally. A Push Accumulator instruction (PHA) is provided to © 


execute this function. Restoring the Accumulator to its pre- 
vious value is accomplished by the Pull Accumulator in- 
struction (PLA). It is executed in reverse order of the PHA 
instruction. 

The contents of the Processor Status Register (PS) are 
pushed (pulled) to (from) the stack with the PHP and PLP 
instructions, respectively. Only the program counter is 
pushed into the stack during a subroutine call. Therefore, 
any registers that should not be destroyed should be 
pushed into the stack manually. The RTS instruction is 
used to return from a subroutine. 7 


PROGRAM COUNTER (PC) 

The 16-bit program counter consists of two 8-bit registers 
PCy and PC,. The program counter is used to indicate the 
address of the next instruction to be executed. 


PROCESSOR STATUS REGISTER (PS) 


The processor status register is composed entirely of flags 


used to indicate the condition of the processor immediately . 


after an operation. Branch operations can be performed by 
testing the Carry flag (C), Zero flag (Z); Overflow flag (V) 
or the Negative flag (N). Each bit of the register is ex- 
Nlained below. | 


1. Carry flag (C) 

The carry flag contains the carry or borrow generated by 
the Arithmetic and Logical operation Unit (ALU) im- 
mediately after an operation. It also changed by the shift 
and rotate instructions. The set carry (SEC) and clear carry 
(CLC) instructions allow direct access for setting and 
clearing this flag. 


2. Zero flag (Z) 

This flag is used to indicate if the immediate operation 
generated a zero result or not. If the result is zero, the zero 
flag will be set to “1”. If the result is not zero, the zero flag 
will be set to “0”. 


3. Interrupt disable flag (|) 

This flag is used to disable all interrupts. This is accom- 
plished by setting the flag to’“1”. When an interrupt, this 
flag is automatically set to “1” to prevent other interrupts 
from interfering until the current interrupt is completed. The 
SEI and CLI instructions are used to set and clear this flag, 
respectively. | 


4. Decimal mode flag (D) 

The decimal mode flag is used to define whether addition 
and subtraction are executed in binary or decimal. If the 
decimal mode flag is set to “1”, the operations are ex-_ 
ecuted in decimal, if the flag is set to “0”, the operations 
are executed in binary. Decimal correction is automatically 
executed. The SED and CLD instructions are used to set 
and clear this flag, respectively. | 


5. Break flag (B) 

When the BRK instruction is executed, the same operations 
are performed as in an interrupt. The address of the inter- 
rupt vector of the BRK instruction is the same as that of the 
lowest priority interrupt. The contents of the B flag can be 
checked to determine which condition caused the interrupt. 
If the BRK instruction caused the interrupt, the break flag 
will be “1”, otherwise it will be "Or, 


6. Index X mode flag (T) 
When the T flag is “1”, operations between memories are | 
executed directly without passing through the accumulator. 
Operations between memories involving the accumulator 
are executed when the T flag is “0” (i.e., operation results 
between memories 1 and 2 are stored in the accumulator). 


~The address of memory 1 is specified by the contents of 


the index register X, and that of memory 2 is specified by 
the normal addressing mode. The SET and CLT instructions 
are used to set and clear the index X mode flag, respec- 
tively. 
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7. Overflow flag (V) . 
The overflow flag functions when one byte is added or sub- 
tracted as a signed binary number. When the result ex- 


ceeds +127 or —128, the overflow flag is set to “1”. When — 


~ the BIT instruction is executed, bit 6 of the memory location 
is input to the overflow flag. The overflow flag is reset by 
the CLV instruction and there is no set instruction. 


8. Negative flag (N) 

The negative flag is set whenever the result of a data trans- 
fer or operation is negative (bit 7 is set to “1”). Whenever 
the BIT instruction is executed, bit 7 of the memory location 
is input to the negative flag. There are no instructions for 
directly setting or resetting the negative flag. 


Table 1 Interrupt vector address and priority 


Interrupt ° 


RESET | TTF Fig, 1FFE te 


TFFDig, 1FFCig 


 1FFBie, 1FFAt6 
1FF916, 1F F816 


1FF716, 1FF6i6 


TFFSi6, 1FF4i6 





Interrupt: 
request 


Interrupt disable flag | 


Fig.3 


Interrupt control 





INTERRUPT | 
The M50752-XXXSP can be interrupted from seven souces; _ 
INT», timer X, timer 1, timer 2 or INT;/BRK instruction. 
These interrupts are vectored and their priorities are shown 
in Table 1. Reset is included in this table since it has the 
same functions as the interrupts. | | 

When an interrupt is accepted, the contents of certain reg- 
isters are pushed into specified locations, (as discussed in 
the stack pointer section) the interrupt disable flag | is set, 
the program jumps to the address specified by the interrupt 
vector, and the interrupt request bit is cleared automatical- 
ly. The reset interrupt is the highest priority interrupt and 
can never be inhibited. Except for the reset interrupt, all in- 
terrupt are inhibited when the interrupt disable flag is set to 
“4”. All of the other interrupts can further be controlled indi- 
vidually via the interrupt control register shown in Figure 3. 
An interrupt is accepted when the interrupt enable bit and 
the interrupt request bit are both “1” and the interrupt dis- . 
able flag is “0”. 

The interrupt request bits are set when the following condi- 


' tions occur: 


(1) When the INT, or INT pins go from “H” to “L” 

(2) When the contents of timer X, timer 1, timer 2 go to “0” 
These request bits can be reset by the program but can not 
be set by the progream. However, the interrupt enable bit 
can be set and reset by the program. © 

Since the BRK instruction and the INT, interrupt have the 
same vectored address, the contents of the B flag must be 
checked to determine if the BRK instruction caused the in- 
terrupt or if INT generated the interrupt. 


Interrupt control register (Address OOFE;,) 
Bit 7: INT, pin interrupt request bit 


Bit 6 : INT, pin interrupt enable bit 


Bit 5 : Timer 1 interrupt request bit 
Bit 4: Timer 1 interrupt enable bit — 
Bit 3° Timer 2 interrupt request bit 
Bit 2 : Timer 2 interrupt enable bit 
Bit 1: INT; pin interrupt request bit 
Bit 0 : INT; pin interrupt enable bit 


Timer control register (Address OOFFi¢) 
Bit 7 : Timer X interrupt request bit 
Bit 6 : Timer X interrupt enable bit | 
Bit 5 : Timer X count stop bit 
Bit 4 : Not used 
Bit 3: 
Bit 2°: 
Bit 1: 
Bit 0: 


Timer X mode bit 


Processor mode bit » 
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TIMER 
The M50752-XXXSP has three timers; timer X, timer 1, and 
timer 2. Timer X has four modes which can be selected by 
bit 2 and 3 of the timer control register. When the timer X 
count stop bit (bit 5) is set to “1”, the timer X will stop re- 
gardless of which mode it is in. A block diagram of timer X, 
timer 1 and timer 2 is shown in Figure 4. 
Timer 1 and timer 2 share with a prescaler. This prescaler 
has an 8-bit programmable latch used as a frequency di-. 
vider. The division ratio is defined as 1/(n+2), where n is 
the decimal contents of the prescaler latch. All three timers 
are down-count timers which are reloaded from the timer 
latch following the zero cycle of the timer (i.e. the cycle af- 
ter the timer counts to zero). 
The timer interrupt request bit is set to “1” during the next 
clock pulse after the timer reaches zero. The interrupt and 
timer control registers are located at addresses QOFE;, and 
OOFF,.¢, respectively (see Interrupt section). The prescaler 
latch and timer latch can be loaded with any number ex- 
cept zero. 
The four modes of timer X as follows: 
(1) Timer mode (00) 
In this mode the clock is driven by the oscillator fre- 
quency divided by 16. When the timer down-counts to 
zero, the timer interrupt request bit is set to “1” and 


Data bus 


Oscillator Divider 


ew 
(Xin) 1/16 
| ee | 


Xcout 


Timer mode 


C) 
/\. | po is 
Event counter mode 
Se O 


Pulse output mode 
O 


FF ig 


Prescaler latch (8) 


| 


Prescaler (8) 


Fig.4 Block diagram of timer X, timer 1, timer 2 


O 
Pulse width measurment | 
mode 
O 
( (8) 


> ce 





the contents of the timer’s latch is reloaded into the 

timer and the counting begins again. 

Pulse output mode (01) | | | 
In this mode, the polarity of the INT. signal is reversed 
each time the timer down-counts to zero. 

Event counter mode (10) 

This mode operates in the same manner as the timer 
mode except, the clock source is input to the Xciy pin. 
This mode will allow an interrupt to be generated 
whenever a specified number of external events have 





- been generated. The timer down-counts every rising 


edge of the clock sourse. 

Pulse width measurement mode (11) 

This mode measures the pulse width (between lows) 
input to the Xcn pin. The timer, driven by the oscillator 
frequency divided by 16, continues counting during the 
low cycle of the Xcin pin. When the timer contents 
reaches “0”, the interrupt request bit is set to “1”, the 
timer’s reload latch is reloaded and the counting re- 
sumes. | . 

The structure of the timer control register is shown in 
Figure 5. 

When after reset, the prescaler and timer latch are set 
to FF,, and 014.6, respectively. . 


to timer X interrupt 
request bit - 


Reset 


- Timer X count stop bit 
(Bit 5 of address OOFFi¢) 


Toggle flip-flop 


Timer 2 latch (8) ; 


to timer 1 
interrupt 
‘request 
bit 


to timer 2 or serial |/O 


Timer 2 (8) ! | 
interrupt request bit 
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rf 0 . 
epee el Timer contro! register (Address OOFF;,) 


Processor mode bit 
00 : Single chip mode 
01 . Memory expanding mode © 
10 : Microprocessor mode 
11° Eva chip mode 


Timer X mode bit 

00 : Timer mode 

01: Pulse output mode 

10 > Event counter mode 

‘11° Pulse width measurement mode 
Timer X count stop bit 

0 :.Count start 

1: Count stop 


‘Timer X interrupt enable bit 


0 : Interrupt disable 
1: Interrupt enable 


Timer X interrupt request 
0 : No interrupt request bit 
1: With interrupt request 





Fig.5 Structure of timer control register | 


SYNC 
ADy, AD, 


pgareee 2 KALKOL SHOLS OLS LIFFEXIFFEX ) 


Data 


Reset address from 
the vector table 


: - Frequency relation of (Xin) and ¢ is: 
- : (Xin) =4°¢ 
8~12 clock cycles 
: : The mark “?” means that the address 
_ is changeable depending on the pre- 
of microcomputer os vious state. 


depend on the internal condition 





Fig.6 Timing diagram at reset 





oy ae ' 4 «MITSUBISHI 
| ELECTRIC 


MITSUBISHI MICROCOMPUTERS 


M50752-XXXSP,M50757-XXXSP 


M50758-XXXSP 


SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 





RESET CIRCUIT 

The M50752-XXXSP is reset according to the sequence 
shown in Figure 6. It starts the program from the address 
formed by using the content of address 1FFF,,¢ as the high 
order address and the content of the address 1FFF,, as the 
low order address, when the RESET pin is held at “L” level 
for more than 2us while the power voltage is in the recom- 
mended operating condition and the crystal oscillator 
oscillation is stable and then returned to “H” level. The in- 
ternal initializations following reset are shown in Figure 7. 
An example of the reset circuit is shown in Figure 8. 

When the power on reset is used, the RESET pin must be 
held “L” until the oscillation of X;y-Xoyr becomes stable. 


Address 
(1) Port PO directional register ( E 14, - 
(2) Port P1 ( E246 
(3) Port P2 directional register ( E 546 
(4) Port P3 E 846 
(5) Prescaler X FOig )o F Fig 
(6) TimerX FDig )- SO Tee. 


(7) Interrupt control register FEi, )°° 


(8) Timer control! register ('FRFig )- 0 O46 


PRSa ue 


” 
. 
4 
a 
[toe | 


(9) Interrupt disable flag ( PS a 


on the processor status register 


Contents of 


(10) Program counter address FFFF1¢ 


Contents of 
address FFFE 6 


li 


(11) Internal oscillator output is 
connected to Xourr (same 
condition after FST 


instruction is excuted) 





Fig.7 Internal state of microcomputer at reset 





M50752-XXXSP 


M50752-XXXSP 


RESET 


Supply voltage 
detection circuit 


Fig.8 Example of reset circuit 
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/O PORTS 


(1) 


Port PO 
Port PO is an 8-bit I/O port with N-channel open drain 
output. 
As shown in the memory map Ariat 1), port PO can 
be accessed at zero page memory address OOE04¢. 


Port PO has a directional register (address 00E1,.) 


which can be used to program each individual bit as 
input (“0”) or as output (“1”). If the pins are program- 
med as output, the output data is latched to the port 
register and then output. When data is read from the 
output port the output pin level is not read, only the 
latched data in the port register is read. This allows a 
previously output value to be read correctly even 
though the output voltage level is shifted up or down. 
Pins set as input are in the floating state and the signal 
levels can thus be read. When data is written into the 
input port, the data is latched only to the port latch and 
the pin still remains in the floating state. 

Depending on the contents of the processor status reg- 
ister (bit 0 and bit 1 at address OOFF,,), four different 


modes can be selected; single-chip mode, memory ex- 


panding mode, microprocessor mode and eva-chip 
mode. These modes (excluding single-chip mode) 
have a multiplexed address output function in addition 


_to the I/O function. For more details, see the processor 


mode information. 

Port P1 

Port P1 is an 8-bit output port with high-breakdown vol- 
tage p-channel open-drain outputs featuring a break- 
down voltage of Vcoc-33V. Each pin contains a pull- 
down resistor making Vp a negative power source. As 
shown in the memory map in Figure 1, port PO is used 
on the zero page at address 00E2,, in memory. 

Except in the single-chip mode, P1’s functions are 
slightly different from. P0Q’s. For more details, see the 
processor mode information. 

Port P2 | 

In the single chip mode, port P25, P27 has the same 
function as P1. And P29>~P2, has the same function as 
PO. In the other modes, P2’s functions are engny diffe- 
rent from PO's. 


For more details, see the processor mode information. 


Port P3 


In the single-chip mode, port P3 has the: same UNCON 


as PO. This function does not change even though the 
processor mode changes. See Figure 9 for more de- 
tails. 

Port R 

Port R is an 4-bit input port. As shown in the memory 
map (Figure 1), port R can be accessed at the lower 
order 4 bits of zero page memory address O0DF.. 
Clock ¢ output pin 

In normal conditions, the oscillator frequency divided 
by four is output as ¢. 


(7) 


INT, pin 

The INT, pin is an interrupt input pin. The INT, inter- 
rupt request bit (bit 1 at address OOFE,.) is set to “1” 
when the input level of this pin changes from “H” to 
i lea 

INT> pin - | 

The INT» pin is an iatertupi input pin. When this signal 
level changes from “H” to “L”, the interrupt request bit 


_ (bit 7 at address OOFE;,) is set to “1”. In the pulse out- 


put mode, the INT. output changes polarity each time 
the contents of timer X.goes to “0”. 
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Ports PO, P29>~P2s 


Ports P1, P3, P2., P27 


N-channel open drain output 


Ports PO, P29~ P25 


P-channel open drain high voltage port 
with pull-down resistors . 


Ports P1, P3, P2., P2, 





Fig.9 Block diagram of port PO~P3 (single-chip mode) and output formats of INTo, ¢ 
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PROCESSOR MODE 

By changing the contents of the processor mode bit (bit 0 
-and 1 at address OOFF,,), four different operation modes 
can be selected; single-chip mode, memory expanding 
mode, microprocessor mode and evaluation chip (eva- 
chip) mode. In the memory expanding mode, micro- 
processor mode and eva-chip mode, ports PO~P2 can be 
used as multiplexed I/O for address, data and control sig- 
nals, as well as the normal functions of the I/O ports. 

Figure 11 shows the functions of ports PO~P2. 

The memory map for the single-chip mode is illustrated in 
Figure 1 and for other modes, in Figure 10. 

By connecting CNVss to Vgs, all four modes can be 
selected through software by changing the processor mode 
bits. 


Supplying “H” level to CNVss places the wilerosomputet in . 


the eva- -chip mode. The four different modes are nexplened 

as follows: 

(1) Single-chip mode (00) 

> The microcomputer will automatically be in the single- 

chip mode when started from reset, if CNVss is con- 
nected to Ves Ports PO~ P2 will work as original 1/O 
ports. 

(2) Memory expanding mode (01) 
The microcomputer will be placed in the memory ex- 
pansion mode when CNVsgg is connected to Vssg and 


Internal ROM 


WK 
- 


Memory expanding | Microprocessor 


mode 


Eva-chip mode 
mode 
Notes 1 - The address is 1000;¢ for M50752-XXXSP. 


2 : The address is 0080;,¢ for M50752-XXXSP. 
The shaded area indicates external memory area. 


Fig.10 External memory area in processor mode 





the processor mode bits are set to “01”. This mode is 
used to add external memory when the internal mem- 
ory is not sufficient. 

The lower 8 bits of address. data for port PO is output 
when ¢goes to “H” state. When ¢goes to the “L” 
state, PO retains its original |/O functions. 

Port P1’s higher 5 bits of address data are output when 


~ goes to “H” state and as it changes back to the “L” 


state. it retains its original |/O functions. 

Pins P1g and P1s output the SYNC and-R/W control 
signals, respectively while ¢is in the “H” state. When 
in the “L” state, P1s, Pi, and P17 retain their original |/ 
O function. 

The R/W output is used to read/write from/to the out- 
side. When this pin is in the “Hy” state, the CPU reads 
data, and when in the “L” state, the CPU writes data. 
The SYNC is a synchronous signal which goes to the 


-“H" state when it fetches the OP CODE. 


Port P2 retains its original output functions while ¢ is at 
the “H” state, and works as a data bus of Dz ~ Do 
(including instruction code) while at the “L” state. 
Microprocessor mode [10] | 

In this mode, port PO and P1 are uséd as the system — 
address bus and the original function of the 1/O pins is 
lost. Port Pi; and P1g become the SYNC and R/W 
pins, respectively and the normal I/O functions are lost. — 
Port P2 becomes the databus (D7~ Dg) and loses its 
normal |/O. functions. Insternal memory (E146 to E0j¢) 
cannot be used, and an external memory is needed if 
the address where normal I/O function have lost. 
Eva-chip mode [11] 

When “H” level is supplied to CNVsg pin, the micro- 
computer is forced into the eva-chip mode. The main 
purpose of this mode is to evaluate ROM programs 
prior to masking them into the microcomputer’s internal 
ROM. / 


With the exceptions that the internal ROM is disabled 
and that external memory must be attached in this 


mode is the same as the memory expanding mode. 
The relationship between the input level of CNVsg and | 
the processor mode is shown in Table 2. 
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Eva-chip mode 





Single-chip mode Memory expanding mode 


















Port PO Same as left Ports PO7~P0 ) 


Address 
Az~ Ao ! 


Ports PO07~P0,) 


. x 1/0 port 


Ports PO7;~ PO) 


Address 














Ports P17~P1o5 


Output 
port 







Ports P1l4~P19 
A1o™~Ag 


Port P15 


Ports P17~P1 


Address Output 
Aio~Ag port 































Port P15 

rene R/W Same as left ia 
Port P1, | Port Pig 
Port P17 Port P17 


Output 
port 
7 a Cone O 


Ports P2,~ P2, 


\\_ Floating Uf Data \ 
YS ob.) 


Output 
port 


Ports P27~P2) Ports P27~P2,) 


Output Data 
port D7r~ Do 










1/O port 


Port P2 Same as left 


Fig.11 Processor mode and functions of ports PO~P2 
Table 2 Relationship between CNVsgg pin input level and processor mode 


Explanation 





* Single-chip mode The single-chip mode is set by the reset. 

* Memory expanding mode All modes can be selected by changing the processor mode bit with the program. 
¢ Eva-chip mode 

° Microprocessor mode 


* Eva-chip mode Eva-chip mode can be also selected by changing the processor mode bit with the program. — 
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CLOCK GENERATING CIRCUIT 

The built-in clock generating circuits are shown in Figure 
12. When FST instruction is executed, SWosc is closed and 
when SLW instruction is executed, SWosc is open. These 
instructions are used, when CR oscillation is required, to 
change the oscillation frequency. 


internal 
clock ¢ 


fe 


Xouts Xoute 


to timer X 


| >o > 


To Timer X 
A | 
Xcout | Xcin Xcout 


M50757-XXXSP M50752-XXXSP 
M50758-XXXSP . 





Fig.12 Block diagram of clock generating circuit 


The circuit examples of clock generator are shown in Fig- 
ures 13~17. The example when system clock signal is 
supplied from outside is shown in Figures 18 and 14. When 
clock signal is supplied from outside, let X;y be the input, 
and open Xoyrts and Xoure (Figure 15). 

The clock signal for Timer X can be supplied by planing 
the ceramic oscillation (or a quartz crystal oscillation) in 
outside. The constant of capacitance differs depending on 
oscillators. Therefore, try to adjust the recommended value 
of each oscillator manufactuer (Figure 16). In order to 
‘supply the clock signal from outside, let Xciy be the input, 


and open Xcour (Figure 17). 


M50752-XXXSP 
M50757-XXXSP 





Fig.13 External ceramic resonator circuit 
(M50752-XXXSP and M50757-XXXSP) 











M50758-XXXSP 


Xout 


M50752-XXXSP 


Xin Xoutr  Xours 


24 25 
' Open Open 


External 
oscillating 
circuit 





Fig.15 External clock input circuit 


M50752-XXXSP 


Xeon Xcout 


Fig.16 External crystal resonator circuit 


M50752-XXXSP 


Xcin Xcout 


External . 
oscillating 
circuit 





Fig.17 External clock input circuit 
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PROGRAMMING NOTES 

(1) The frequency ratio of the timer and the prescaler is 
1/(n+2). 

(2) Set a value other than “O” for the timer and the pre-- 
scaler. 

(3) Even though the BBC and BBS instructions are ex- 
ecuted after the interrupt request bits are modified (by 
the program) , those instructions are only valid for the 
contents before the modification. Also, at least one in- 
struction cycle must be used (such as a NOP) between 
the modification of the interrupt request bits and the 
execution of the BBC and BBS instructions. 

(4) Reading the timer and prescaler must be avoided 
while the input to the prescaler is changing. 

(5) After the ADC and SBC instructions are executed (in 
decimal mode), one instruction cycle (such as a NOP) 
is needed before the SEC, CLC, or CLD instructions ~ 
are executed. 

(6) A NOP instruction must be used after the execution of 
a PLP instruction. 


DATA REQUIRED FOR MASK ORDERING 
Please send the following data for mask orders. 

(1) mask ROM confirmation form 

(2) mark specification form | | 

(3) =X) \V/ ie f-\ ¢- Ree ee EPROM 3sets 
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ABSOLUTE MAXIMUM RATINGS 


c Power voltage . 
| Power voltage 














Ro ee 
| Veo=35~Veot0.3 
—— With respect to Vss. 
Input voltage, INT;, INTz, P0p~P07, P2s~P2, ed ee : —0.3~13 
Output transistors cut-off. 
Output voltage, Xoutr, Xcout, Xouts, % —0.3~Vecto0. 3 









a 





RECOMMENDED OPERATING CONDITIONS (ta = -10~70°, Vcc = 5V+10%, unless otherwise noted) 


Symbol ' Parameter Unit 
ee ee 


| Vss | Powervotage | | 


| pve | “L” input voltage, P0p~P07, P2>~P2s, CNVsg, INTy, INT2 
"Xen 


“L” input voltage, RESET be Oe 3 
Vie “L” input voltage, Ro~Rs, Xin 0. 
| Internal clock oscillating frequency ; i ae. ol 










<j<j<i<j< 


7 
ie) 
< 
Q 
fe) 
< < E “ 


aS 
A 
Q 
QO 
< 
au 
N 





ELECTRICAL CHARACTERISTICS (vec = 5V10%, Vss = OV, fxjy) = 4MHz, unless otherwise noted) 


| "H” output voltage, 6 ~| Veo = 5V, Ta = 25, lon = —2.5mA 
“H” output voltage, Plo~Pl7, P3p~P37, P26, P27 Veo = 5V, Ta = 25C, lon = —12MA 


OH 

“L” output voltage, ¢ | | Voc = 5Y, Ta = 25C, lo. = S5mA 

“L” output voltage, POp~P07, P2o~P2s, INTz Voc = 5V, Ta = 25C, lor =10mA 
Hysterisis, INT;, INT2 | Voc = SY, Ta = 25 - 
Hysterisis, RESET Voc = 5V, Ta = 25C 

lou 
lie 
ie 


“L” output current (Pull-down resistance) . 
Ve = Veco—33V, Vor 
P1 o~PI 7 P39~ P37, P2., P27 y : 
input leakage current, INT;, INTo, P0)~P0, Voc = 5V, Ta = 25C 
P29~P25 , 0< VS 5V’ 
input leakage current, CNVss, RESET, Xin Veco = BV, Tag =25C 
Xcin, Ro~Re ° 0<V, <5V 


Vec = BV, Ta = 25 
Vec—33 sVjs Voc, V, = Vp 


. Vec=5V, Ta=25C 
lec Supply current P2¢, P27: Vec, Output pins open 


Input and I/O pins other than P2., P27 : Vss 








input leakage current, Plo~P17, P39~P37, P2., P27 
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TIMING REQUIREMENTS 


Single-chip MOde (Vcc=5V410%, Vss=0V, Ta=25C, f (x,y)=4MHz, unless otherwise noted) 


Port PO input setup time 
) 
) 


7 |_| 










ine) 
oO 







NO 
SN 
oO 


External clock input cycle time 
External clock input pulse width 
tr; 
tf . 


330 
th (¢—P1D) Port P1 input hold time 
; 250 
75 
pete Be oe oil External clock rising edge 
Af External clock falling edge 








NO] PO 
STN 








-Memory expanding mode and eva-chip mode - 
(Voc=5V410%, Vss=0V, Ta=25C, f (x,,,)=4MHz, unless otherwise noted) 


Tieucroamn | Pot input ssupime —~C~“‘S~S*“‘CONSCNCi‘CNSNNC#CSC“‘CNSC#*d A 
teu crrome | Pot Ptinput seuptime—~SSCSC~C~“~S*~“sS*S*“~*s*Ss*S~SCSCSSSSSd a 
teu wane [Por P2inputsupume —SOSCS~“~S~S~“~S~“<~<SCStt a Pd 
based 

ime — 










th (g-p2D) Port P2 input hold time = tO. | ae 


Microprocessor mode (Vcc=5V+10%, Vss=0V, Ta=25°C, f (xjy)=4MHz, unless otherwise noted) 


) 
Symbol , Parameter : 
Typ. ; 





Min. 
tsu (p2p—¢) | Port P2 input setup time ; 270 


Port P2 input hold time 
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SWITCHING CHARACTERISTICS | | 


Single-chip | MOdE (Vcc=5V+10%, Vss=OV, Ta=25C, f (xy) =4MHz, unless otherwise noted) 







-. Parameter 





Symbol Test conditions 














tdi ¢-Poq) Port PO data output delay time Fig.18 


| ee eee 
; ne 










Port P3 data output delay time Fig.19 


td(¢-p3aQ) 


Memory expanding mode and eva-chip mode 
. | Veo=5V410%, Vss=0V, Ta=25C, f (x,,)=4MHz, unless otherwise noted) 


: of 
P t Test conditi oe ; Unit 
arameter est conaitions nl 
250 | 


td(¢-Poa) Port PO address output delay time 
td(¢-PoaF) Port PO address output delay time . . ar 
ig. 








Symbol 





td(¢-piaF) -| Port P1 data output delay time 








td(¢-P2aQ) Port P2 data output delay time — 





td(¢-P2aF) Port P2 data output delay time 


Symbol | Parameter Test conditions 


td(¢ -Poa) Port PO address output delay time Fig.18 


td(¢-pia) Port P1 address and control signal delay time ; Fig.19 
td(¢-p2aq) Port P2 data output delay time 





Fig.18, Fig.19 





td(¢ -p2aF) Port P2 data output delay time 





Fig.18 Port PO, P29~P2s test circuit s = Fig.19 Port P1, P25, P2,;, P3 test circuit 
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TIMING DIAGRAMS 


In single-chip mode 





Port P1 output 


Port P1 input 





Port P2 output 








Port P2 input 
| th(¢—-P2D): 
Port P3 output 
tsu(P3D —¢) | 
Port P3 input 
| ~ th(¢—P30) 
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In single-chip mode (continued from the preceding page) 


tsu(RD—¢) 


Port R input 





Foxy) 
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In memory expanding mode and eva-chip mode 


: . 
td(¢—P0A) td(¢ —POAF) td(¢—POQF) 


Port PO output 4 


td(¢ —P00o) 
tsu(POD—¢) 
Port PO input j 


td(¢—P1A) td(¢ —PI1AF) td(¢—P10F) 





th(¢—Pob) 


Port P1 output 


Port P1 input 


th(¢—P1D) 


td(¢—P20F ) 


Port P2 output 





tsu(P2D —¢) 


Port P2 input p 
th(¢—P2D) 
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In microprocessor mode 







td(¢ —PO0A) 


td(¢ —P20F) 


td(¢--P20) 


Port P2 output 


tsu(P2D —¢) 


Port P2 input 


th(¢ —P2D) 
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DESCRIPTION | 7 
The M50753-XXXSP is a single-chip microcomputer de- PIN CONFIGURATION (TOP VIEW) 
signed with CMOS silicon gate technology. It is housed in a 
64-pin shrink plastic molded DIP (flat package type also AVss eal + IN1 
; ; . : ; Input port IN| = |INO— —IN2 
available) . This single-chip microcomputer is useful for Aeferance “ noe 
business equipment and other consumer applications. vollageviapit Aes en ener 
cc 
In addition to its simple instruction sets, the ROM, RAM, PWM output port PWM <— — INS 
and I/O addresses are placed on the same memory map to NC —IN6 
enable easy programming. P2; ++ + IN7 
The differences between the M50753-XXXSP and the P2. ++ Voc 
M50753-XXXFP are the package outline and power dis- P25 + +> P05 
fan) Ar P2, +> +> PO 
sipation ability (absolute maximum ratings). | VO port P2 oe es 
| P2) +> +> PO 
DISTINCTIVE FEATURES Se we. | 0 por Po 
. . . 1 4 
@ Number of basic instructionS:::::+1r1rrresree eter eee 69 P25 < + POs 
: eee Oo 
@ Memory size ROM TeEETCRE ECE e ee eee ee ee ee ie 61 44 bytes | P3,/Sapy | S - PO, 
RAM TRECTrereeerreererr ere Tee ee ee eee ee 192. bytes : P3,/CLK a pare PO, 
@ Instruction execution time , | P8s5/Sour x ++ Plo 
eerie 2us (minimum instructions at 4MHz frequency) oh eeees P34/Sin +> s > PI, 
@ Single power supply f(Xin)=4MHz-01101++7#+++ 5VE10% P33 ** UD ar 2 
@ Power dissipation oe POE NG port P1 
normal operation mode (at 4MHz frequency) ::*: 15mW - ie a = : 
® Subroutine nesting cece 96 levels (Max.) ae PR ” a 
e Interrupt iW 19 SiGe eretierer ess wy6 eres: wisiieve evar bye Ce*ete eles eles bib eaierers 8 types, 5 vectors INT, > bee P1, 
@ 8-bit timers 3 (2 when used as A-D or serial I/O) pila aaa) We NC 
@ Programmable |/O ports (Ports PO, P1, P2, P3, P4)-:-- 36 | CNVs5 NC 
@ Input ports (Port IN) Reid Rhtn Ase sineegtee wee veuesnaeeees ienditeas 8 Reset input RESET — +> P4, 
@ Serial 1/0 .(8-bit) Watiha-wielgid ge Gia eiaratele eR Sie ee Ube wiiom ets edeewr a eee salnen { Clock input Xin + P4,° 
i j ; ; Clock output X = > P4 70 port P4 
@ A-D converter::::::::*::: 8-bit successive approximation es eagle : 
Me ei ee ee 1 Timing output o- ras 
Reset output RESETgyr + — 24 Timing output 
Vss NC 
APPLICATION - 


Office automation equipment 
VCR, Tuner, Audio-visual equipment 


Vss ' 
— RESETout 












P34/Sin <> | | 





P37/Srpy + [2] 
P36/CLK <> 
P35/Sout pare | co | 





Outline 60P6 


NC : No connection 
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Clock generating circuit 















Processor 
status © 
register PS (8) 


Program Program 
' counter 


-PC,(8) 







6144 bytes 






counter _ 
PC,{8) 













Instruction ° 
as register 8 
Prescaler el] | | 
Tye Instruction 
decoder 


8-bit Control signal 










RAM 





































arithmetic Prescaler 
and PREX (8) 
Ind Stack 
logical Accumulator 192 bytes unger “ 
unit A (8) register X (8) register Y (8) pointer S (8) ee 
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FUNCTIONS OF M50753-XXXSP 


Instruction execution time 2us (minimum instructions, at 4MHz frequency) . 


Clock frequency 

ROM 6144bytes . 
Memory size 

RAM 192bytes 

INT;, INT2 Input 1-bitx2 . 


4-bitX1 
8-bitX4 (Part of P3 are in common with serial I/O) 


8-bitX1 (Input and analog input for A-D) 
1-bitX1 


Serial I/O 8-bitX 1 
8-bit prescalerX2+8-bit timerX3 


PO, P1, P2, P3, P4 1/0 


Timers 


(2 when A-D convertion or serial I/O is used) 


Subroutine nesting 96 levels (max) 


two external interrupts 
Interrupts three timer interrupts 
(2 of timer interrupts are in common with serial |/O and A-D) 


Clock generating circuit Built-in (Ceramic or — crystal oscillator) . 
Supply voltage 5V+10% 
Power dissipation At high-speed operation 15mW (at 4MHz frequency) 

Input/output voltage 12V (Ports PO, P1, P2, P3, P4, INT;, INT2, CNTR) 
1/O characteristics 

Output current 10mA fers PO, P1, P2, P3, P4) 
pheane ‘Saperature range: —10~70T 

M50753-XXXSP 64-pin shrink plastic molded DIP 

Package 

M50753-XXXFP 60-pin plastic molded QFP 
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PIN DESCRIPTION 


Functions 


Power supply inputs 5V+10% to Vcc, and OV to Vgs. 


This is usually connected to Vss. 





To enter the reset state, the reset input pin must be kept at a “L” for more than 2us (under normal Vec 
conditions). If more time is needed for the crystal oscillator to stabilize, this “L” condition should be main-. 
tained for the required time. 


This chip has an internal clock generating circuit. To control generating frequency, an external ceramic or a 
quartz crystal oscillator is connected between the Xiy and Xour pins. If an external clock is used, the clock 
source should be connected to the Xjy pin and the Xour pin should be left open. 








This is an output pin for the timer X. 


paneer \ ; ; N 
Interrupt input This is. the highest order interrupt input pin. 
: 


Interrupt input Input This is the lowest order interrupt input pin. 
POQo~PO7 | I/O port PO ‘| Port PO is an 8-bit I/O port with directional registers allowing each |/O bit to be individually programmed as 
input or output. At reset, this port is set to input mode. The output structure is N-channel! open drain. 


( 
P1l9~Pt7 | !/O port P1 Port P1 is an 8-bit I/O port and has basically the same functions as port PO. 





Port P3 is an 8-bit I/O port and has basically the same functions as port PO. When serial I/O is used, P37, 
P3z, PSs, and P34 work as Srpy, CLK, Sout, and Sin pins, respectively. 
This is output pin from the pulse width modulator. | 
The output structure is N-channel opén drain. 
RESETous Ths. pn outputs ‘fis reset signal for peripheral devices.. 
This is an 8-bit analog input port for the A-D converter, and can be used as normal input port. 


Reference voltage This is the reference voltage input pin for the A-D converter. 
input ; . 


AVocc Voltage input for A-D  ~ This is the power supply input pin for the A-D converter. | 
AVss Voltage input for A-D This is GND input pin for the A-D or D-A converter. . 
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BASIC FUNCTION BLOCKS 


MEMORY | 

A memory map for the M50753-XXXSP is shown in Figure 
1. Addresses E8001. to FFFFi¢ are assigned to the built-in 
ROM area which consists of 6144 bytes. 

Addresses FF00,, to FFFFig are a special address area 
(special page) . By using the special page addressing 
mode of the JSR instruction, subroutines addressed on this 
page can be called with only 2 bytes. Addreeses FFF4;, to 
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are the zero page address area. By using the zero page 
addressing mode, this area can also be accessed with 2 
bytes. The use of these addressing methods will greatly re- 
duce the object size required. The RAM, !/O port, timer, 
etc., are assigned to this area. 

Addresses 0000,, to OOBFig are assigned to the built-in 
RAM and consist of 192 bytes of static RAM. In addition to 
data storage, this RAM is used for the stack during sub- 
routine calls and interrupts. 


FFFF,, are vector addresses used for the reset and inter- 
rupts (see interrupt chapter). Addresses 0000,,¢ to OOFF;., 





Decimal 
00001 P 
/ : 
RAM i _ QOE1 16} Port PO directional register 
(192 bytes) fo WER6 
/ 00E3;¢) Port Pl directional register 
OOBF ig 191 / 16 gi 
ee OOE5;¢} Port P2 directional register 
16 
OOF Fig 255 : | 
Q0E9,¢| Port P3 directional register : 
\ ae 
\ “QOEBi¢| Port P4 directional register 
Not used are 
| ae 
E8001, \ 
\ ss 
\ 00F2i¢] A-D start address 
FOO Q0F3:6} A-D control register 
: 00F5:16] PWM control register 
\ OOF61¢} Serial 1/O mode register 
ROM i‘ 00F7i6| Serial 1/O register 
6144 byt \ 
(S144 byteS) | Special , Bef 
page for car 0OF9.¢6} Timer 1, 2 prescaler 
subroutine) FFF416 reek 
call NT : UEP Ae 








Address L 


Address: H S 1/O or Timer 2 


OOFBie} Timer 2 





Timer 1 or A-D \ OOFCi« | Timer X prescaler 
Add L ; 
INT, : QOFEi¢ | Interrupt control register 
Address L =o \ A; : 
RESET OOFFi6} Timer control register 
FFFFi¢ Address H 65535 \ , 


Fig.l Memory map 
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CENTRAL PROCESSING UNIT (CPU) 


The CPU consists of 6 registers and is shown in Figure 2. . 


ACCUMULATOR (A) . | 


The 8-bit accumulator (A) is the main register of the micro- 


computer. Data operations such as data transfer, Input/Out- 
put, etc., are executed mainly through accumulator. 


Accumulator 
Index register X 
Index register Y 
Stack pointer 
Program counter 


Fig.2 Register structure 





INDEX REGISTER X (xX) 

The index register X is an 8-bit register. 

In the index addressing mode, the value of the OPERAND 
added to the contents of the register X, specifies the real 
address. When the T flag in the processor status register is 
set to “1”, the index register X itself becomes the address 


for the second OPERAND. 


INDEX REGISTER Y (Y) 

The index register Y is an 8-bit register. 

In the index addressing mode, the value of the OPERAND 
added to the contents of the register Y specifies the real 


* address. 


Processor status register 


7 : = 0 


Carry fc 

Zero flag 

Interrupt disable flag 
Decimal mode flag 
Break flag 

Index X mode flag 
Overflow flag 


Negative flag 
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STACK POINTER (S) 

The stack pointer (S) is an 8-bit register that contains the 
address of the next location in the stack. It is mainly used 
during interrupts and subroutine calls. The stack pointer is 
not automatically initialized after reset and should be initial- 
ized by the program using the TXS instruction. 

The location of the stack can be determined by the stack 
page bit (bit 4 at address OOFF,,). When bit 4 is “0” and 
the contents of the stack pointer is XXi.¢, the stack address 
is set to OOXX,,. When bit 4 is “1”, the stack address is set 
to 01XXg. When using this microcomputer in the single- 
chip mode, the stack page bit must be “O” and the stack 
pointer should be set at the bottom address of the internal 
RAM. 

When an interrupt occurs, the higher 8 bits of the program 
counter are pushed into the stack first, and then the lower 8 
bits of the program counter are pushed into the stack. After 
each byte is pushed into the stack, the stack pointer is de- 
cremented by one. Next, the contents of the processor sta- 
tus register are pushed into the stack. When the return from 
interrupt instruction (RTI) is executed, the program counter 
are processor status register data is pulled off the stack in 
reverse order from above. 

The Accumulator is never pushed into the stack automati- 
cally. A Push Accumulator instruction (PHA) is provided to 
execute this function. Restoring the Accumulator to its pre- 
vious value is accomplished by the Pull Accumulator in- 
struction (PLA). It is executed in reverse order of the PHA 
instruction. . 

The contents of the Processor Status Register (PS) are 
pushed (pulled) to (from) the stack with the PHP and PLP 
instructions, respectively. Only the program counter is 
pushed into the stack during a subroutine call. Therefore, 
any registers that should not be destroyed should be 
pushed into the stack manually. The RTS instruction is 
used to return from a subroutine. 


PROGRAM COUNTER (PC) 

The 16-bit program counter consists of two 8-bit registers 
PCy and PC,. The program counter is used to indicate the 
address of the next instruction to be executed. 


PROCESSOR STATUS REGISTER (PS) 

The processor status register is composed entirely of flags 
used to indicate the condition of the processor immediately 
after an operation. Branch operations can be performed by 
testing the Carry flag (C), Zero flag (Z), Overflow flag (V) 
or the Negative flag (N). Each bit of the register is ex- 
plained below. | 


1. Carry flag (C) | ; 
The carry flag contains the carry or borrow generated by 
the Arithmetic and Logical operation Unit (ALU) im- 
mediately after an operation. It also changed by the shift 
and rotate instructions. The set carry (SEC) and clear carry 
(CLC) instructions allow direct access for setting and 
clearing this flag. 


2. Zero flag (Z) 

This flag is used to indicate if the immediate operation 
generated a zero result or not. If the result is zero, the zero 
flag will be set to “1”. If the result is not zero, the zero flag 
will be set to “0”. 


3. Interrupt disable flag (1) 

This flag is used to disable all interrupts. This is accom- 
plished by setting the flag to “1”. When an interrupt, this 
flag is automatically set to “1” to prevent other interrupts 
from interfering until the current interrupt is completed. The 
SEI and CLI instructions are used to set and clear this flag, 
respectively. 


4. Decimal mode flag (D) 

The decimal mode flag is used to define whether addition 
and subtraction are executed in binary or decimal. If the 
decimal mode flag is set to “1”, the operations are ex- 
ecuted in decimal, if the flag is set to “0”, the operations 
are executed in binary. Decimal correction is automatically 
executed. The SED and CLD instructions are used to set 
and clear this flag, respectively. 


5. Break flag (B) 

When the BRK instruction is executed, the same operations 
are performed as in an interrupt. The address of the inter- 
rupt vector of the BRK instruction is the same as that of the 
lowest priority interrupt. The contents of the B flag can be 
checked to determine which condition caused the interrupt. 
If the BRK instruction caused the interrupt, the break flag 
will be “1”, otherwise it will be “O”. 


6. Index X mode flag (T) | 
When the T flag is “1”, operations between memories are 
executed directly without passing through the accumulator. 
Operations between memories involving the accumulator 
are executed when the T flag is “0” (i.e., operation results 
between memories 1 and 2 are stored in the accumulator). 
The address of memory 1 is specified by the contents of 
the index register X, and that of memory 2 is specified by 
the normal addressing mode. The SET and CLT instructions 
are used to set and clear the index X mode flag, respec- 
tively. 
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7. Overflow flag (V) | 

The overflow flag functions when one byte is added or sub- 
tracted as a signed binary number. When the result ex- 
ceeds +127 or —128,.the overflow flag is set to “1”. When 
the BIT instruction is executed, bit 6 of the memory location 
is input to the overflow flag. The overflow flag is reset by 
the CLV instruction and there is no set instruction. 


8. Negative flag (N) 

The negative flag is set whenever the result of a data trans- 
fer or operation is negative (bit 7 is set to “1”). Whenever 
the BIT instruction is executed, bit 7 of the memory location 
is input to the negative flag. There are no instructions for 
. directly setting or resetting the negative flag. | 


Table 1 Interrupt vector address and priority 


- 
| 





















Interrupt 
request 


Fig.3 Interrupt control 





INTERRUPT 
The M50753-XXXSP can be interrupted from eight sources; | 
INT;, Timer X, Timer 1/A-D, Timer 2/Serial I/O, or the 
INT./BRK instruction. : 

The value of bit 2 of the serial I/O register (address 
OOF6,,) determines whether the interrupt is from timer 2 or 
from serial I/O. When bit 2 is “1” the interrupt is from serial 
I/O, and when bit 2 is “O” the interrupt is from timer 2. Also, 
when bit 2 is “1”, parts of port 3 are used for serial I/O. Bit 
3 of the A-D control (address 00F3,,) register determines if 
an interrupt is from timer 1 or from the A-D. When bit 3 is 
“QO”, the interrupt is from timer 1, when bit 3 is “1” the inter- 


- rupt is from the A-D. These interrupts are vectored and 


their priorities are shown in Table 1. Reset is included in 
this table since it has the same function as an interrupt. 

When an interrupt is accepted, the contents of certain reg- 
isters are pushed into specified locations, (as discussed in 
the stack pointer section) the interrupt inhibit flag (1) is set, 
the program jumps to the address specified by the interrupt 
vector, and the interrupt request bit is cleared automatical- 
ly. The reset.interrupt is the highest priority interrupt and 
can never be inhibited. Except for the reset interrupt, all in- 
terrupts are inhibited when the interrupt inhibit flag is set to 
“4”. All of the other interrupts can further be controlled indi- 


Bit 7: INT; pin interrupt request bit 

Bit 6: INT; pin interrupt enable bit 

Bit 5: Timer 1 interrupt or A-D interrupt request bit 

Bit 4: Timer 1 interrupt or A-D interrupt enable bit 

Bit 3: Timer 2 interrupt or serial 1/O interrupt request bit 
Bit 2: Timer 2 interrupt or serial 1/O interrupt enable bit 
Bit 1: INTz pin interrupt request bit 

Bit 0: INT2 pin interrupt enable bit 


Timer control register (Address OOFF\¢) 
Bit 7: Timer X interrupt request bit’ 
Bit 6: Timer X interrupt enable bit 
_ Bit 5: Timer X count stop bit 
Bit 4: Stack page bit 
Bit 3: 
| Timer X mode bit 
Bit 2: 


Bit 1: 


Processor mode bit 


Bit 0: 





2—206 


MITSUBISHI 
MR ELECTRIC | 


MITSUBISHI MICROCOMPUTERS 


M50753-XXXSP/FP 


SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 





vidually via the interrupt control register shown in Figure 3. 


An interrupt is accepted when the interrupt enable bit and 
the interrupt request bit are both “1” and the interrupt in- 
hibit flag is “O”. | 
The interrupt request bits are set when the following condi- 
tions occur: | 
(1) When the INT; or INT. pins go from “H” to “L” 

(2) When the contents of timer X, timer 1, timer 2 (or the 
serial |1/O counter) go to “0” 

(3) A-D conversion is finished. 

These request bits can be reset by the program but can not 

be set. 

Since the BRK instruction and the INT interrupt have the 


same vectored address, the contents of the B flag must be: 
checked to determine if the BRK instruction caused the in- © 


terrupt or if INT. generated the interrupt. 


TIMER | 

The M50753-XXXSP has three timers; timer X, timer 1, and 
timer 2. Since P3 (in serial |/O mode) and timer 2 use 
some of the same architecture, they cannot be used at the 
same time (see serial |/O section). Timer X has four modes 


“which can be selected by bit 2 and 3 of the timer control 


register. When the timer X count stop bit (bit 5) is set to 
“4”. the timer X will stop regardless of which mode it is in. 
A block diagram of timer X, timer 1 and timer 2 is shown in 
Figure 4. a re ; 
Timer 1 and timer 2 share with a prescaler. This prescaler 
has an 8-bit programmable latch used as a frequency di- 
vider. The division ratio is defined as 1/n, where n is the 
decimal contents of the prescaler latch. All three timers are 
down-count timers which are reloaded from the timer latch 
following the zero cycle of the timer (i.e. the cycle after the 
timer counts to zero). 





Data bus — 
Oscillator Divider When STP instruction is executed, 
' this circuit is connected coercively Prescaler latch (8) 
(Xin) 1/16 
Timer mode 0 
Pulse width test mode 
) 


CNTR >o » : A) 


Prescaler (8 Timer X (8) to timer X interrupt 
Event counter mode eS request bit 
es , 0 FFi¢ Ga 
Pulse output mode Timer X count stop bit Reset, or 
O (Bit 5 of address OOFFi.) 


<i Toggle flip-flop 


Data bus 










Prescaler latch (8) 





Prescaler (8) 






Fig.4 Block diagram of timer X, timer 1, and timer 2 


Timer | lat 


ch (8) 
) 


aes Serial 1/O mode register (Address O0F6,6) 
3 0 | 


STP instructions 


eRe | ara 


from A-D 
Timer 2 latch (8) Le to timer 
cs 1 or A-D 
)) interrupt 
oy . request 
Timer 2 (8) 






to timer 2 or serial |/O 
interrupt request 
bit 











° - MITSUBISHI 


2-207 


ELECTRIC 








MITSUBISHI MICROCOMPUTERS 


M50753-XXXSP/FP 


SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 





ol 33 


The timer interrupt request bit is set to during the next 
clock pulse after the timer reaches zero. The interrupt and 
timer control registers are located at addresses OOFE,, and 
OOFF,., respectively (see interrupt section). The prescaler 
latch and timer latch can be loaded with any number ex- 
cept zero and 1. 
The four modes of timer X as follows: 
(1) Timer mode (00) 
In this mode the clock is driven by the oscillator fre- 
quency divided by 16. When the timer down-counts to 
zero, the timer interrupt request bit is set to “1” and 
the contents of the timer’s latch is reloaded into the 
timer and the counting begins again. 
(2) Pulse output mode (01) 
In this mode, the polarity of the CNTR signal is re- 
versed each time the timer down-counts to zero. 
(3) Event counter mode [10] 
This mode operates in the same manner as the timer 
mode except, the clock source is input to the CNTR 
pin. This mode will allow an interrupt to be generated 
whenever a specified number of external events have 
been generated. The timer down-counts every rising 
edge of the clock source. 
(4) Pulse width measurement mode (11) 
This mode measures the pulse width (between lows) 
input to the CNTR pin. The timer, driven by’the oscilla- 
tor frequency divided by 16, continues counting during 
the low cycle of the CNTR pin. When the timer con- 
tents reaches “0”, the interrupt request bitis setto“1”, 
the timer’s reload latch is reloaded and the counting 
., resumes. 
The structure of the timer sentra: register is shown in 
Figure 5. 
When the STP instruction is executed, or after reset, 
the prescaler and timer latch are set to FFig and 014, 


respectively. Also, when the STP instruction is ex- © 


-ecuted, the oscillators frequency (divided by 16) will 
become the counting source, regardless of the timer X 
mode setting. This state will be released when the tim- 
er X interrupt request bit is set to “1”, or after a reset. 
Timer X will then enter the mode specified by its mode 


bits. For more details on the STP instruction, refer to | 


the oscillation circuit section. 

When timer 1 or 2 is used, the bit 0 of PWM control 
register must be set to “0”. For details, refer to the 
PWM section. | 





7 Oi. 3 . , 
RES REREE Timer control register (Address OOFFig) 


Processor mode bit 
00: Single-chip mode 
01: Memory expanding mode 
10: Microprocessor mode 
11: Eva-chip mode 


Timer X mode bit 
00: Timer mode 
01: Pulse output mode 
10: Event counter mode 


11: Pulse width measurement mode 
Stack page bit 


0: 0 page 
1: 1 page 
Timer X count stop bit 
0: Count start 
1: Count stop 
Timer X interrupt enable bit 


0 : Interrupt disable 
1 : Interrupt enable 


F Timer X interrupt request bit 
0: No interrupt request 
1: With interrupt request 





Fig.5 Structure of timer control register 
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SERIAL I/O 


A block diagram of the serial |/O is shown in Figure 6. 


In the serial |1/O mode the receive ready signal (Spy), syn- 


chronous input /output clock (CLK), and the serial I/O pins 
(Sour, Sin) are used as P37, P3,, P35, and P3,, respectively. 
The serial 1/O mode register (address OOF6,,¢) is a 4-bit 
register. Bits 1 and 0 of this register is used to select a 
synchronous clock source. 

When these bits are (00) or (01), an external clock from 
P3, is selected. When these bits are (10), the overflow sig- 
nal from timer 2, divided by two, becomes the synchronous 
clock. Therefore, changing the timer period will change the 
transfer speed. When the bits are [11], the oscillator fre- 


Oscillator Divider 





P3, Sroy cs 







Divider 





quency divided by 16, becomes the clock. 
Bit 2 and 3 decide whether parts of P3 will be used as a 
serial 1/O or not. When bit 2 is a “1”, P3g becomes an |/O 
pin of the synchronous clock. When an internal synchronous 
clock is selected, the clock is output from P3.,. If an exter- 
nal synchronous clock is selected, the clock is input to P3, 
and P85 will be a serial output and P3, will be a serial in- 
put. To use P3, as a serial input, set the directional register 
bit which corresponds to P3, to “0”. For more information on 
the directional register, refer to the I/O pin section. 

To use the serial I/O, bit 2 needs to be set to “1”, if it is “O” 
P3, will function as a normal |/O. Interrupts will be gener- 
ated from the serial |/O counter instead of timer 2. Bit 3 


from timer 1,2 
prescaler 


Timer 28) 


(Address OOFBi¢) 


= to timer 2 or serial I/O 
y >) interrupt request bit 


Se ak Serial I/O mode register (Address 00F6;,) 





Fig.6 Block diagram of serial I/O 


ee Synchronous clock selection bit 


00: 
External clock 


10: Timer 2 overflow signal divided by 2 
11: Oscillation frequency divided by 16 


Serial I/O port selection bit (P35, P3.) 
0: Normal I/O port 


1: Serial I/O port 


Sarpy signal output selection bit (P37) 
0: Normal I/O port 


1: Sapy signal output pin 
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determines if P37 is used as an output pin for the receive 
data ready signal (bit 3=1, Sppy) or used as normal I/O pin 


(bit 3=0). The serial I/O function is discussed below. The _ 


function of the serial |/O differs depending on the clock 
source; external clock or internal clock. 

Internal Clock—The Srpy signal becomes “H” during trans- 
mission or while dummy data is stored in the serial I/O reg- 
ister (address O0F7,,). After the falling edge of the write 
signal, the Sane signal becomes low signaling that the 
M50753-XXXSP is ready to receive the external serial data. 
The Srpy signal goes “H” at the next falling edge of the 
transfer clock. The serial |/O counter is set to 7 when data 
is stored in the serial I/O register. At each falling edge of 
the transfer clock, serial data is output to P35. During the 





Synchronous clock 





Transfer clock 


Serial |/O register write 
signal 


Serial I/O output 
Sour 


Serial 1/O input 


Receivable signal 





Sarpy 





Fig.7 Serial I/O timing 


Sending side 


Serial I/O mode register 


bit 3  -bitO 


EERE 


Set the directional register _ | P38. 


for P37 pin in input mode 


XE MENTE ENE 


Synchronous clock P35 


rising edge of this clock, data can be input from P34, and 
the data in the serial I/O register will be shifted 1 bit. 

Data is output starting with the LSB. After the transfer clock 
has counted 8 times, the serial I/O register will be empty 
and the transfer clock will remain at a high level. At this 
time the interrpt request bit will be set. 

External Clock—lIf an external clock is used, the interrupt 
request will be sent after the transfer clock has counted 8 
times but transfer clock will not stop. 

Due to this reason, the external clock must be controlled 
from the outside. The external clock should not exceed 
250kHz at a duty cycle of 50%. The timing diagram is 
shown in Figure 7. An example of communication between 
two M50753-XXXSPs is shown in Figure 8. 








O 
Sy 





Interrupt request bit set 


Receiving side 


Serial |/O mode register 


- bit3 bit 0 


eee 


Set the directional register 
for P34 pin in input mode 


Serial data P3, 


Fig.8 Example of serial 1/O connection 
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A-D CONVERTER , 
The A-D converter circuit is shown in Figure 9. The analog 
input ports of the A-D converter (INO~IN7) are in common 
with input ports of the data bus. 

The 4-bit A-D control register is located at address F3j. 
One of the eight analog inputs is selected by bits 0, 1 and 
2 of this register. The correspondence of the analog input 
pins with bits 0~2 is shown in Figure 10. Bit 3 selects the 
interrupt source, either from timer 1 or the A-D itself. If bit 3 
is “O”, then the interrupt request is from timer 1, if it is a “1”, 
then it is from the A-D. 

A-D conversion is accomplished by first selecting the ana- 
log channel (bit 0, 1) to be converted. Bit 3 should also be 
set to “1” to select the A-D as the interrupt source. The 
conversion is started when dummy data is written into 
address O0OF2,,. When the conversion is finished, an inter- 
rupt is generated by the A-D and the digital data can be 
read from the A-D register (address O0EFj.). 


Port IN can also be used as an input port by reading data 
into address EE,g. However, this cannot be done during A- 
D conversions. : ; 


L2 | at pO A-D control register (Address 00F3,,) 





Figl0 A-D control register bit 0, 1,2 vs analog input 






(Address O0EEj¢) 







Comparator 


iS 
S 
KK KKK 


8 -channel multiplex analog switch 


2. 2 
fo») o1 
IN 





Fig.9 A-D converter circuit 


A-D control register 
(Address 00F3,¢) 












to timer 1 or A-D 
interrupt request bit 


A-D control circuit 












Successive 
approximation register 
(A-D register) 

(Address O0EF 4.) 
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PWM 2 | | | 
The M50753-XXXSP has a pulse width modulated (PWM) 
output control circuit. The circuit outputs a variable duty cy- 
cle signal that can be used for a programmable pulse width 
and frequency. Timers 1 and 2 are used for the PWM. The 
block diagram of the PWM is shown in Figure 11. 

The PWM is composed of N-channel open drain transistors. 
When bit 0 of the PWM control register is “0”, the output 
transistors are turned off. When timers 1 and 2 are not used 
for PWM control, they operate in the normal timer modes. 


PWM control register 
(Address 00F5,,) 


Reload register ( 8 bits) 


. | Prescaler T : 
" (PRSCT) (8 bits) ‘ — 


: Interal data bus. 


} 1/16 Divider 


f(Xin) Oscillator 


Fig.11 PWM block diagram 


a 


ape Dp 
Timer 2 (TMR2 ) | 
) 


| When bit 0 of the PWM control register is “1”, a rectangular 


wave is output according to the value set in timer 1 and 2. 
The clock source frequency for the PWM is the oscillator 
frequency divided by 16. 


Reload register 
~ (8 bits) 


: . T (TMR1 ) ' 
) 


Interrupt 
request 


imer 1 
( 8 bits 


7 


Interrupt — 
request. 


( 8 bits 


Reload register 
( 8 bits) 





Timer 1 + Timer 2 





‘Fig.12 PWM rectangle waveform 
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RESET CIRCUIT An example of the reset circuit is shown in Figure 13. 


The M50753-XXXSP is reset according to the sequence When the power on reset is used, the RESET pin must be 
shown in Figure 15. It starts the program from the address held “L” until the oscillation of X;y-Xoyr becomes stable. 


formed by using the content of address FFFF,, as the high 
order address and the content of the address FFFF,., as the 
low order address, when the RESET pin is held at “L” level 


for more than 2us while the power voltage is in the recom- nantes 
mended operating condition and the crystal oscillator Port PO directional register (Elie) o 
oscillation is stable and then returned to “H” level. The in- 


ternal initializations following reset are shown in Figure 14. Port Pl directional register = (E3,6) + 


Port P2 directional register (E516) °° 


Port P3 directional register (E9i¢) °° 
M50753-XXXSP 


Port P4 directional register (EByg) *° 


Serial |/O mode register (F6ig) < | | | ojolo| 0 


RESET Voc 


Prescaler X (FCig) | FFig 
Timer X (FDig) °° Olie 
Interrupt control register (FEig) 0046 


Timer control register (FFig) °° 0046 


Interrupt disable flag on (PS) ++ Perla ih a 


processor status register 


M50753-XXXSP 





RESET 
Supply voltage detection 
circuit 


Contents of 
Program counter ve address FFF 46 


Contents of 
address FFFE16 


A-D control register oo | | | fojolo 
PWM control register a EReES 


Fig.14 Internal state of microcomputer at reset 










RESET 









RESETour 






SYNC 


address €3, GB .CD.C o> GG, cD 
' Reset address from the 
Pa BD GB GD C2 G2) 2) ) GE 






Note 1: Frequency relation of f(Xiy) and dis f(Xy)=4°¢ 
8 ~12 clock cycles 2: The mark “?” means that the address is changeable depending on the previous state 






Fig.15 Timing diagram at reset 
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(4) 


Port. PO is an 8-bit 0 port with N-channel! open drain | 


output. ‘ 

Pull-up transistor can be specified as an option. As 
shown in the memory map (Figure 1), port PO can be 
accessed at zero page memory address OOE0j.. Port 


PO has a directional register (address 00E1,¢) which. 


can be used to program each individual bit as input 
(“0”) or as output (“1”). If the pins are programmed as 
output, the output data is latched to the port register 
and then output. When data is read from the output port 
the output pin level is not read, only the latched data in 
the port register is read. This allows a previously output 


-value to be read correctly even though the output vol- 


tage level is shifted up or down. Pins set as input are 
in the floating ‘state and the signal levels can thus be 


_ read. When data is written into the input port, the data 


is latched only to the port latch and the pin still remains 
in the floating state. 


Depending on the contents of the processor status reg- 


ister (bit O and bit 1 at address OOFF,,), four different 
modes can be selected; single-chip mode, memory ex- 
panding mode, microprocessor mode and eva-chip 
mode. These modes (excluding single-chip mode) 
have a multiplexed address output function in addition 
to the I/O function. For more details, see the processor 
mode information. 

Port P1 


In the single-chip mode, port P1 has the same function 


as PO. In the other modes, P1’s functions are slightly 
different from PO's. For more details, see the processor 


‘mode information. 


Port P2 


_In the single-chip mode, port P2 has the same function 
as PO. In the other modes, P2’s functions are slightly 


different from PO’s. 


_ For more details, see the processor mode information. 


(12) 





Port P3 

In the single-chip mode, port P3 has the same function 
as PO. In the other modes, P3’s functions are slightly 
different from PO's. Port P3 can also be used as serial 
I/O pins. For more details, see the processor mode in- 
formation. 

Port P4 

Port P4 is an 4-bit I/O port with N-channel open drain 
outputs. This port also has the pull-up transistor option. 
Clock 2 ¢ output pin 

In normal conditions, the oscillator frequency divided 
by two is output as 2 ¢. 

Clock ¢ output pin 

In normal conditions, the oscillator frequency divided 
by four is output as ¢. 
RESETour pin 

When the RESET pin goes to level “L”, the RESETour 
pin also goes to “L”. On the other hand, when the RE- 
SET pin goes to level “H”, the RESEToyr pin also goes | 
to “H” after 8 clock cycles. This output is used to reset 
the external circuits. 

INT, pin 

The INT, pin is an interrupt input pin. The INT, inter- 
rupt request bit (bit 7 at address OOFE,,) is set to “1” 











‘when the input level of this pin changes from ao to 


6c Le 


INT pin 


The INT» pin is an interrupt input pin. When this signal 
level changes from “H” to “L”, the interrupt request bit 
(bit 1 at address OOFE;,) is set to “1”. 

CNTR pin 

The CNTR pin is an V0 pin of timer X. In the event 
counter mode, CNTR becomes the input pin of the ex- 
ternal pulse. In the pulse output mode, the CNTR out- 
put changes polarity each time the contents of timer X - 
goes to “0”. In the pulse width measurement mode, the 
pulse to be measured is pe to this pin. 

Port IN | 

Port IN is an 8- bit input soit to the A-D converter. The 
input contents of the port can be read to as the con- 
tents of address nae The read operation is inhibited 


during A-D conversion. 
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Ports PO, P1, P2, P3, P4 


N-channel open drain output 


Option 


~ Directional register 7 
-_ Port latch aa 


Ports PO, P1, P2, P3 


Note) P3 can be also used as I/O pin of serial I/O 


Port IN 


N-channel open drain output 
i CNTR 


¢, 2¢, RESETour 


CMOS output 
$29, RESETour 


Fig.16 Block diagram of ports PO~PS5 (single-chip mode), and output and input formats CNTR, ¢, RESETour, | 
2 ¢, and port IN | 
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PROCESSOR MODE 

By changing the contents of the processor mode bit (bit 0 
and 1 at address OOFF,,), four different operation modes 
‘can be selected; single-chip mode, memory expanding 
mode, microprocessor mode and evaluation chip (eva- 
chip) mode. In the memory expanding mode, microp- 
rocessor mode and eva-chip mode, ports PO~ P3 can be 
used as multiplexed !/O for address, data and control sig- 
nals, as well as the normal functions of the I/O ports. 

Figure 14 shows the functions of ports PO~P3. 

The memory map for the single-chip mode is illustrated in 
Figure 1 and for other modes, in Figure 17. a 

By connecting CNVss to Vss, all four modes can be 
selected through software by changing the processor mode 
bits. Connecting CNVss to Vcc automatically forces. the 
_- microcomputer into microprocessor mode. Supplying 10V to 
CNVss places the microcomputer in the eva-chip mode. 
The four different modes are explained as follows: 


Rss 


N 
-_ 


Eva-chip Microprocessor 
expanding mode - mode 
mode . 





The shaded area is external memory area 


Fig.17 . External memory area in processor mode 


(1) Single-chip mode (00) 
The microcomputer will automatically be in the = indian 
chip mode when started from reset; if CNVss is con- 
nected to Vss. Ports PO~ PS will work as original /0 
ports. 
(2) Memory een mode (01) 

The microcomputer will be placed in the memory ex- 
panding mode when CNVgs is connected to Vss and 
the processor mode bits are set to “01”. This mode is 
used to add external memory when the internal mem- 
ory is not sufficient. 
The lower 8 bits of address data for port PO is output 
when ¢goes to “H” state. When ¢goes to the “L” 
state, PO retains its original I/O functions. 
Port P1’s higher 8 bits of address data are output when 
¢ goes to “H” state and as it changes back to the “L” 
state it retains its original I/O functions. Port P2 retains 
its original output functions while ¢ is at the “H” state, 
and works as a data bus of D7~ Dp (including instruc- 
tion code) while at the “L” state. Pins P3,; and P3p out- 

_ put the SYNC and R/W control signals, respectively 
while ¢ is in the “H” state, and RDY signal is input form 
P3. pin. When in the “L” state, P32, P3, and P3, retain 
their original I/O function. 
The R/W output is used to read/write from/to: the out- 
side. When this pin is in the “H” state, the CPU reads. 
data, and when in the “L” state, the CPU writes data. 
The SYNC is a synchronous signal which goes to the 
“H” state when it fetches the OP CODE. 
The RDY is ready signal input and, when it goes to “L”, 
internal clock stops and the CPU waits the data. 
However, the oscillation does not stop. 


(3) Microprocessor mode [10) 


After connecting CNVss to Vcc and initiating a reset, 
the microcomputer will Butomallcally default to this 
mode. 

In this mode, port PO and P1 are used as the system 
address bus and the original function of the I/O pins is 
lost. Port P2 becomes the data bus (D7~Dg) and loses 
its normal I/O functions. Port P32, P3,, and P38, become 
the RDY, SYNC and R/W pins, respectively and the 
‘normal I/O functions are lost. 


(4) Eva-chip mode [11] 


When 10V is supplied to CNVss pin, the microcomputer 
is forced into the eva-chip mode. The main purpose of 
this mode is to evaluate ROM programs prior to mask- 
ing them into the microcomputer’s internal ROM. 

In this mode, the internal ROM is inhibited so the eXx- 
ternal memory is required. | 

This mode has almost the same function as the mem- 
ory expanding mode except that it needs to attach all 
program memories to the outside. The relationship be- 
tween the input level of CNVss and the processor 
mode is shown in Table 2. 
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Single-chip mode 


Port PO Ports P07~P0, | Botts FOr P06 eer tees pubs ai te, 
Address Address 
Port P1 Ports P1;~P1, Ports P17~P1, Same as left Ports P17~P1o 
Address Address 

: rt : 


2 ae eee 
Port P2 _ Ports P27~P2) Ports P27;~P2, Same as left Ports P27~P2p 
Output Data ‘Data 


‘To Lf 
Ports P87~P3,) Ports P37~P3, . Ports P37~P3o 


x 1/0 port , x \/O port K I/O port | 


Port P3, Port P32 


Same as left 
Port P3 —_. i 
RDY I/O port RDY 


Port P3, Port P3, 


SYNC 1/O port | SYNC 


Port P3bp © Port P35 


R/w X W/O port } | R/W 


¢ Single-chip mode The single-chip mode is set by the rese. 

« Memory expanding mode All modes can be selected by changing the processor mode bit with the program. 
¢ Eva-chip mode . a 

° Microprocessor mode 


* Eva-chip mode The microprocessor mode is set by the reset. 
* Microprocessor mode Eva-chip mode can be also selected by changing the processor mode bit with the program, 


aq Se * Eva-chip mode Eva-chip mode only. 
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CLOCK GENERATING CIRCUIT | 

The built-in clock generating circuits are shown in Figure 
21. , : 

When the STP instruction is executed, the oscillation of in- 
ternal clock dis stopped in the “H” state. 

Also, the prescaler X and timer X are loaded with FFy, and 
01,6, respectively. The oscillator (dividing by 16) is then 
connected to the prescaler input. This connection is 
cleared when timer X overflows or the reset is in, as dis- 
cussed in the timer section. 

The oscillator is restarted when an interrupt is accepted. 
However, the internal clock ¢keeps its “H” level until timer 
-X overflows. : | 
This is because the oscillator needs a set-up period if a 
ceramic or a quartz crystal oscillator is used. 

When the WIT instruction is executed, the internal clock ¢ 
stops in the “H” level but the oscillator continues running. 
This wait state is cleared when an interrupt is accepted. 


Since the oscillation does not stop, the next instructions are | 


executed at once. 
To return from the stop or the wait status, the interrupt en- 
able bit must be set to “1” before executing STP or WIT in- 


struction. Especially, to return from the stop status, the tim-. 


er X count stop bit (bit 5 of address OOFF,¢) must be set to 
“OQ” before. executing STP instruction. 


The circuit example using a ceramic oscillator (or a quartz 


crystal oscillator) is shown in Figure 19. 
The constant capacitance will differ depending on which 
oscillator is used, and should be set to the manufactures 


Interrupt 
request 


Interrupt 
disable 
‘flag | 


WIT 


STP instruction 


instruction 


OTE ERD 
7 O) 


Timer X count stop bit 


Xin 


Fig.21 Block diagram of clock generating circuit | 


Prescaler X 





M50753-XXXSP 





Fig.19 External ceramic reasonator circuit 


M50753-XXXSP 
Xin Xour 


External 
oscillating 
circuit 





Fig.20 External clock input circuit 


suggested value. 
The example of external clock uasge is shown in Figure 20. 
Xin is the input, and Xoyz iS open. 


STP 
instruction 


Internal 
clock ¢ 


Overflow 
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PROGRAMMING NOTES 

(1) The frequency ratio of the timer and the prescaler is 
1/n. 

(2) Set a value other than “2” for the timer and the pre- 
scaler. 

(3) Even though the BBC and BBS instructions are ex- 
ecuted after the interrupt request bits are modified (by 
the program), those instructions are only valid for the 
contents before the modification. Also, at least one in- 
struction cycle must be used (such as a NOP) between 
the modification of the interrupt request bits and the 
execution of the BBC and BBS instructions. 

(4) Reading the timer and prescaler must be avoided 
while the input to the prescaler is changing. 

(5) After the ADC and SBC instructions are executed (in 
decimal mode), one instruction cycle (such as a NOP) 
is needed before the SEC, CLC, or CLD instructions 
are executed. 

(6) A NOP instruction must be used after the execution of 

a PLP instruction. 

Notes on serial |/O 

Set “0” in the serial 1/O interrupt enable bit (bit 2 of 

address 0OFE,,) before setting the serial |/O mode. 

Insert at least one instruction and set “O” in the serial |/ 

O interrupt request bit (bit 3 of address OOFE,,) after 

setting the serial |/O mode. 

Set “1” in the serial I/O interrupt enable bit after the 

operation described in @. : 

The timer X and prescaler X must be set “FF,,.” im- 

mediately before the execution of a STP instruction. 

Notes on A-D conversion : 

Set “O” in the A-D interrupt enable bit (bit 4 of address 

OOFE,,) before setting A-D conversion. 

Insert at least one instruction and set “O” in the A-D in- 

terrupt request bit (bit 5 of address OOFE,,) after set- 

ting the A-D conversion. 

Set “1” in the A-D interrupt enable bit after the opera- 

tion described in @. 

Set “O” in bit 3 of the A-D control register (address 

OOF3,,¢) before using a STP instruction. 


S) © Ox 


co 


© © © Ce 


DATA REQUIRED FOR MASK ORDERING 
Please send the following data for mask orders. 

(1) mask ROM confirmation form 

(2) mark specification form 

(3) ROM BAC Ce er ee ee eee cee EPROM 3sets 


’ Write the following option on the mask ROM confirmation 


form 

* Port PO pull-up transistor bit 

* Port P1 pull-up transistor bit 

¢ Port P2 pull-up transistor bit 

° Port P3 pull-up transistor bit | 
e Port P4 pull-up transistor bit 
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ABSOLUTE MAXIMUM RATINGS =. | 7 


lv | Input voltage RESET, Xin 


Input voltage INO~IN7 


Input voltage POp~P07, Plo~P17, P29~P27 : . 
-  P3g~P37, P4o~P43, CNTR with respect to Vss . | 
INT,, INT2, CNVss Output transistors are at “off” state 





| Vo _| Output voltage 2 4, Xour, # RESETout | —0. 3~Veo+0. 3 
| Output voltage POp~PO0;, P1o~P17, P2o~P2z =(5is 
| P8p~P37, P4>~P43, CNTR, PWM 


V 
V 
mW - 
Topr Operating temperature 
Storage temperature 


Note 1 : 300mW for QFP types. 


Voec 
Vi 
Vi 
Vi 
Vo 
Vo 








RECOMMENDED OPERATING CONDITIONS 


(Vec=5V410%, Ta=—10~70°, unless otherwise noted) 


Parameter 


Supply voltage  — 

Supply voltage 

“H” input voltage POg~PQ7, Plo~P17, P29~P27 
P39~ P37, P4p~P43; INO~IN7 
CNTR, INT}, INT2 





RESET, Xin, CNVss 
“L” input voltage PO9~P0;,, P1o~P1 7, P29~P27 
Vie P39~P37, P4p~P43, INO~IN7Z 
_ CNTR, INT;, INT2, CNVss 
“L” input voltage RESET 


Vie “L” input voltage Xin 


Internal clock oscillating frequency 


Note 2 : “H” input voltage of ports PO, P1, P2, P3, P4, CNTR, INT,, and INTz2 is available up to +12V. 
(However, these ports are without pull-up transistor) 
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ELECTRICAL CHARACTERISTICS (vcc=5v, Vss=0v, Ta=25°, fix, =4MHz, unless otherwise noted) 


Limits 
Symbol Parameter Test conditions Unit 


“H” output voltage ¢, RESETour, 2 ¢ lou=—2. 5MA 3 




















ine) No 
<| < [< 












P39~P37, P4o~P43, PWM with pull-up transistor 
“H” input current INO~IN7 V.=5V (when A-D not selection) . 
| tia | “H” input current CNTR, INTs, INTz, RESET, Xin | 


output pins are open, input and I/O pins are 
Supply current eure e ‘ P 3 mA 
connected to Vss 


Supply current for A-D during A-D conversion | | 2 4 


VoL loL=10mA 
P39~P37, CNTR, P49 ~P43, PWM 
“L" output voltage ¢, RESETour, 2 ¢ lop =5mA ae V 
iene oer oe 
TvenWen [Mision onTa MR 
[Moov weeny 
ei ieee ee ee 
“L” input current POg~PO07, Plo~P17, P29~P27 V\=0V —5 rm 
IS P39>~P37, P4>~P43, PWM without pull-up tranpistor he 
he “L” input current POg~P07, Plo~P17, P29~P27 Mie ey | —40 470 195 uA 
P30™~ P37, P49 ~P43, PWM with pull-up transistor 
ine nput current ONT, INTs INTE RESET. Xo =a 
* “H” input current POg~P07, P1p~P17, P2o~P2; re i on 
P39~P37, P49 ~P43, PWM without pull-up transistor 
lw 5 uA 
hy 
UT 
Nhe 
loc 


hw “H" input current POy~P07, P1o~P17, P2y>~P2z V.=5V 




















Limits 
Symbol Parameter Test conditions | bimits 
| — | Absolute accuracy Voc™AVcc= Vrer=). 12V 







| 


Analog input voltage 
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TIMING REQUIREMENTS | i | : 
Single-chip mode (Voc=5V+10%, Vss=0V, Ta=25°C, f(xy) =4MHz, unless otherwise noted) 


Symbol Parameter Unit 
ee Max pat | 


t PoD— Port PO input setup time 270 
su ( : 
Port P1 input setup time | 
















é) i 

270 
2 
Port PO input hold time | | 20 | 

Port P1 input hold time 

Port P2 input hold time a a 
Port P3 input hold time } ee a 
Port P4 input hold time | | = hie 
th caciwe) [Port Winputhoidtime —=*=“‘*S*<“‘“‘SCSSC#C#*#*C“‘CSNCNC#“C#“#SWN‘CC§O':«*SS(‘“‘“SOC*d 
External clock input cycle time | 20 | | | ons | 
tw | Extermal clock input pulse width ——SSCSC~=~‘“<SC‘“‘“*“*‘“‘“*S*S*S*S*S*S~“*‘“*S*S*~*dCSSC“RSNCWSNCNSNNCCSns_ 
Pte | Externalclockrisingedge —SSSSCSC~<“~*~*“‘“*‘~*SSCSC“Cs*~‘“C~*~‘“—*~sSC“‘(;]NSC*d;C#SSOSSC ns 
[tr | Externalclockfalingedge TC C—“‘dSC“‘(‘‘d;S| SOs 





Sw 
(o) 











Memory expanding mode and eva-chip mode 


(Vec=5V410%, Vss=0V, Ta=25°, f(x,,)=4MHz, unless otherwise noted) 
Symbol 












) | 
Parameter Unit 
re es ue 


"teu ceooma [PorPOnpiecupime —SOSCSCSC“~S*S“‘“s*s~“‘“—S*S*S*S*S*SC<“—s~S*s*‘“‘“~s~s CdS (CS 
tau tora [Por Ptinpwteouptine —SCS~“~S*~CS*~“‘“s~—SSSSC“~‘S*~Cs‘“‘“‘S;S™SSC* OCC 
tau toap- a. [Port Peiputsoupime i dt 
tau impo [ROW Input soup time ——SOSSSCSCsCSCSCSCSi PE 
theron) [Por Poinputhodtine ——SOSCSCSC~—SCSC—“~—sSS~—C—SsSC‘“‘—~—sSsC“‘s~“SsSsCs~s~Ss~sC Cd 
theese) [Por Ptinputholdtime —SCSC~—~—“—~“~“‘“~S*S*~“~C<“<CSCSt‘~srCS 

Ctiecran) | Pot PZinputhodtime ——SC~“~S~“S*S*S*S*~“—~“Ss~“‘“<CSCSCStst‘~sCSTCSdSSC 
x00 [| 





No 
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Microprocessor MOde (Vcc=5V+10%, Vss=OV, Ta=25T, foxy.) =4MHz, unless otherwise noted) 


27 
Port P2 input hold time | | 
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SWITCHING CHARACTERISTICS 


Single-chip Mode (Vec=5V10%, Vss=OV, Ta=25C, f(x),) =4MHz, unless otherwise noted) 


td(¢—Ppoa) Port PO data output delay time 


td(¢—P1aQ) Port P1 data output delay time 


td( ¢—p2aq) Port P2 data output delay time 
td(¢—P3aQ) Port P3 data output delay time 


Test conditions 


Limits 





td( ¢—p4aq) Port P4 data output delay time 


Memory expanding mode and eva-chip mode 









td( g—PoaF) Port PO address output delay time 
td(¢—poaq) Port PO data output delay time 
td(¢—PoaF) Port PO data output delay time 


td(g—p1a) Port P1 address output delay time 
td(¢—P1AF) Port P1 address output delay time - 


td(¢—p1aQ) Port P1 data output delay time 












td( g—P10F) Port P1 data output delay time 
td( g—p2aq) Port P2 data output delay time 





td( ¢—p2aF) Port P2 data output delay time 





tdeo=Raw) R/W signal output delay time 





td(é—r/we) | R/W signal output delay time 





td(¢—p3,Q) Port P39 data output delay time 


td(¢—p3,ar) | Port P3o data output delay time 
td(g—sync) | SYNC signal output delay time 





td(¢—syncr) | SYNC signal output delay time 





td(¢—p3,q) | Port P3, data output delay time 


td(¢g—p3,aFr) | Port P3; data output delay time 











Fig.22 





(Vec=5V+10%, Vss=0V, Ta=25°C, f(x,,,)=4MHz, unless otherwise noted) 


Symbol Parameter Test conditions Unit 


td(¢— Poa) Port PO address output delay time 







250 | ns | 
- 250 ns 
200 | ns | 


200 ns 
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‘Microprocessor Mode (Vcc=5V410%, Vss=OV, Ta=25C, f(x) =4MHz, unless otherwise noted) 













Test conditions 






Limits 
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2d PIN AC CHARACTERISTICS ( (Voc=5. OV, Vss=0V, f(x),,) =4MHz, Ta=25'°C, unless otherwise noted) | 


hte Clock output mee time 
a Clock output pulse width 





Clock rising time 
Clock falling time 


Timing diagram of 2¢ 





Fig.22 Ports PO~P4 test circuit 


Fig.23 2¢ test circuit 
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TIMING DIAGRAMS 


In single-chip mode 


ass 











td (¢—Poq) 
tsu (pop—¢) 
Port PO input 
| th (¢—popb) 
td (¢—p1q) 
tsu (P1D—¢) 
Port Pl input 
th (¢—P1D) 
td (¢—P2Q) 
tsu (p2p—¢) 
Port P2 input . 
th (¢—p2p) 
td (¢—p3q) 
tsu (p3p—¢) 
Port P3 input 
- th (¢—P3p) 
td (¢—P4q) 
tsu (pap—¢) 
Port P4 input 
th (¢—Pap) 
Port IN input 
th (¢—-IND) 
tc 
f (Xin) 
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In memory expanding and eva-chip mode 








td (¢—poa) td (¢—PoaF) td (¢—poar) 


pono out OX 





| th (¢—Pop) 
td (6-P1a) td (d—P1AF) td (¢—P1aF) 
PR OL 


<= td (¢—P1Q) 











Port PO input 


Port P1 output 


tsu (p1D—¢) 


Port P1 input | 
th (¢-P1b) 





| td (¢—P2aQ) td(¢-pear) =f 
pon re aipat DX XD 
tsu (p2D—¢) 
Port P2 input 
th (¢—p2p) 


td (¢—R/w) td (¢—R/wr) 


pot Pa oupur (aie) xsd 


td (¢—P3,QF) 


td (¢—P3,QF) 
Port P3, output (SYNC) 


tsu(RDY— 4) 


Port P3. input (RDY) 


th( ¢—rby) 
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In microprocessor mode 


Port PO output 


Port P1 output 


Port P2 output 

Port P2 input 

Port P3 staph (R/W) 
Port P3, output (SYNC) 


Port P3. input (RDY) 
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4 


td (¢—Poa) 


\Z 
\Z 


td (¢—P1a) 


Read 


) 


\Z 





td (¢—p2a) td (¢—p2aF) 


Xx _-- 


tsu (p20—¢) 


th (¢—P2p) 


mee 


4 


\/ 
Ox 


\/ 


\Z 


tsu (RDY—¢) 


<=— th(g—roy) 
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DESCRIPTION 

The M50754-XXXSP, M50954-XXXSP and the M50955- 
XXXSP_ are single-chip microcomputers designed with 
CMOS silicon gate technology. All are housed in a 64-pin 
shrink ‘plastic molded DIP (flat package type also 
available). These single-chip microcomputers are useful for 
business equipment and other consumer applications. 
In addition to their simple instruction sets, the ROM, RAM, 
and !1/O addresses are placed on the same memory map to 
enable easy programming. . 

The differences among the M50754-XXXSP, M50954- 
XXXSP and the M50955-XXXSP are noted below. The fol- 
lowing explanations apply to the M50754-XXXSP. Speci- 
‘fication variations for other chips are noted accordingly. 


| Type name | ROMsize | RAMsize 
__M50955-XXXSP 


The differences between the M50754-XXXSP and the 
M50754-XXXFP are the package outline and power dis- 
sipation ability (absolute maximum ratings). And the differ- 
ences between the M50754-XXXFP and the M50754- 
XXXGP are only the package outline. 







’ 


DISTINCTIVE FEATURES 
@ . Number of basic instructions::::**:+:*+++++* ica caeaia 69 
@ Memory size ROM>::::::::: 6144 bytes (M50754-XXXSP) 
8192 bytes (M50954-XXXSP) 
10240 bytes (M50955-XXXSP) 
RAM terres 160 bytes (M50754-XXXSP) 
192 bytes (M50954-XXXSP, 
| M50955-XXXSP) 
@ Instruction execution time | 
| 1.948 (minimum instructions, at 4.2MHz frequency) 
@ Single power supply | 4.0~5.5V(at,f( Xin) =4.2MHz) 
| 3.0~5.5V(below f(Xin)=1.0MHz) 
@ Power dissipation | 
normal operation mode, at 4MHz frequency:::::- 15mW 
low speed operation mode, 
at 32kHz frequency for clock function *--:--------- 0.3mW 
@ Subroutine nesting «80 levels (max.) (M50754-XXXSP) 


96 levels (max.) (M50954-XXXSP, 
_ M50955-XXXSP) _ 


PIN CONFIGURATION (TOP VIEW) 









Voc 164] —+ P4, 
P65 +> — P4, 
P6, +> — P4, 

1/0 port pe | P6s/PWM3 + |4) — P4s | High-voltage 
P6./PWM2 + — P4, | output port P4 
P6,/PWM1 + [6] — P4, 

P6)/T - — P4, ; 
P27; —> P4, 
P2, + 
P2, +> 

1/0 port P2 | P24 + 

— | P23-> 
P2, +> — PQ, | output port PO 
P2,+ — POs 
P25 4% — POs 


P3-/Srpy — PO, 


dSXXX-SS60SW 
JO 
dSXXX-vSZOSW 


— PO, 

— PO, 

+ PO) 

— PQs | High-voltage 


P36/CLK +. —+ Pi, 
P35/Sour — Pt, 
1/O port P34 P34/Sin > Pl, 
P33 + — P13 | High-voltage 
P32 +> — P14, | output port P1 
P3, =. =F Pi; 
P3o baa —_ Pi, 
P53/INT, _ = P17 
Input port P5 
-| P5o/INT2 > —> P5, | High-voltage 
tput port P5 
CNVss —> PS, output po 
Reset input RESET — —Vp Pull-down 
voltage input 
Clock input Xin — P5, ! 
Clock output 
i i Xour - aes Input port P5 
Clock input for ney — Ps 
clock function CIN 6 
Clock output for Xcour *— + P5, 


clock function 


Vss —¢ Timing output 


Outline 64P4B 


@ Two clock generator circuits (One is for main clock, the 
other is for clock function) | 
@ Generating function for clock input of EAROM 


APPLICATION 
Office automation equipment 
VOR, Tuner, Audio-visual equipment 





@ INterrupt:s-srrsserceseeeeeteceeerenen es Sa kokee alee 7 types, 5 vecters 
@ 8-bit timers ee 3 (2 when used as serial I/O) 
© Programmable I/O (Ports P2, P3, P6) rss 22 
@ Input ports (Port P5o~ P57) sectceeeetseeee ceases eee eeeeeaeneeees 6 
@ High-voltage output -ports 

(Ports PO, P1,P4, P5o, P5,) Dieeuaehigcisehendaaes Zweig tual %6 
@: -Sérlal' 1/0 CO-bit) steerer eariinn: 
© PWM Function sree reece terete terete eee ee eee enenseneees 14-bitX14 
, 6-bitX2 
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PIN CONFIGURATION (TOP VIEW) 


M50754-XXXFP 


or 
M50954-XXXFP 

or 
M50955-XXXFP 























4 L6 | 8 ff 9 fro} eff iz igilig 
ae gee ae ae a ea ce a 
Siiee dias o as soddeges $s 
t = 2. 
> o S20 
eee ee 
Outline 72P6 
Bite) SS EF ee Se Se eo SS ig 
Aa keoooooeoe ooo ooo 
etek Tock obs ie tol fede ae a eect eal 
150} }49} 148} 147] [46) [45] [44 41} |40] 
P4, + [52] — P5, 
P4, + [53] +- Vp 
P44 = [54] . + P5, 
P4, — M50754-XXXGP +— P5; 
ie or = 
i + P57 
Veo M50954-XXXGP aig 
P6, + [59] or Vss 
P6, +> [60] ‘M50955-XXXGP — Xcour 
P63/PWM3 +> [61] — Xcin 
P6o/PWM> <> — Xour 
P6,/PWM, +> — Xin 
P60/T «> [64] <— RESET 
2st Lats} ie} iz i Leto] fol [1] 114} [15] [16] [17] [18] 
ae ae ee es a ae es a Gag ee a ie 
~ OO TON HK OY b& 22 NF 2 eT Ns 2 
Siddiga ages sages ses $ 
en ys > [TiZz 
feg* fee 
Outline 64P6W 
NC ° No cennecticn 
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@ @3)— - —DOGWB——  - | 
| High-voltage output port PO High-voltage output port P1 I/O port P2 . I/O port P3 Output port P4 Output and input port I/O port P6 


M50754-XXXSP BLOCK DIAGRAM 








































































Clock output Clock output for clock function - Pull-down Voltage ‘ 
Clock Input Clock input for clock ee Tming | . - Reset input input (5v) (ov) (Ov) 
Xin Xout Xcin Xcout ¢ output RESET Vp Vec.  Vss  CNVss 
nn a @—_OD—@-- -®-—__ - —__ - —__ - —___- —__-—___-—_-, 
. Data Bus 
generating | | Timer count source selection circuit 
circuit : 
Program ~ Program | ama Instruction 
RAM counter — counter ROM Ceo Timer 2 T2(8) register 
160bytes PC}(8) PC.(8) 6144byte (8) 
Note 2) i 
(Note 1) ( 
; Instruction 
. decoder 
Address bus yi Timer 3 T3(8) 
Control signal 
8-bit 
Arithemetic = Mdex md 
hae rocessor ndex 
| | Stack pointer 
and iegie status register register . CoD F 
unit register PS (8) x(8) Y(8) S(8) 


P3(8) 


ak | Se | a ae 
ES rt 


(8) 
AEE 
LG EIEDEIENNEDNED)- - OMLIEIGOE- - -GIBOOOODO-- — Add debe --@OOE) 


ake | 
= a 





8) 
GENIE) G)- - —GNIIELNIGD 








Note 1 : M50954-XXXSP and M50955-XXXSP have 192-byte RAM. . . (a part of high-voltage port) 
2 : M50954-XXXSP has 8192-byte ROM. — 
M50955-XXXSP has 10240-byte ROM. 


d9/dd/dSXXX-SS60SIN. oe 
dD /dj/dSXXX-PS60SIN ‘dD /d4/dSXXX-PSZOSIN 


YALNdUNOODOYXVIN SOW) LId-8 dIHO-319NIS 


SUALNdWODOUDIW IHSISNSLINW 


-_M50754-XX XSP/FP/GP,M50954-XXXSP/FP/GP, 
| M50955-XXXSP/FP/GP 
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FUNCTIONS OF M50754-XXXSP 


. 
2-bitX1 (Can be used as an input for either INT2 or INT}.) 
Interrupt ; 
(or timerX2, serial input/outputX 1) 

| 
AN, RR I an cc ne er ee 

Supply voltage : 
15mW (clock frequency Xin=4kHz) : . 

Voeco—38V (PO, P1, P4, P59, P5;) : 


0.5~—0.5mA (P6 : CMOS tri-states) . 


Memory expansion Possibe 


Operating temperature range —10~70 . . 
Device structure ' CMOS silicon gate process . 
M50754-XXXSP/M50954-XXXSP/M50955-XXXSP 64-pin shrink plastic molded DIP 


Package M50754-XXXFP/M50954-XXXFP/M50955-XXXFP 72-pin plastic molded QFP 
M50754-XXXGP/M50954-XXXGP/M50955-XXXGP 64-pin plastic molded QFP 












ao 







-_ 






~- 









Input/Output ports 


-_ 






























Power dissipation 















Input/Output voltage 











Input/Output characteristics 













Output current 
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PIN DESCRIPTION 


~ Input/ , 
Functions 
Output 
Supply voltage Power supply inputs 4.0~5.5V at f(Xiy)=4.2MHz and 3.0~5.5V below f(Xin) =1.0MHz to Vco, and OV to 


Vss Vss. a | | | 
Pull-down voltage This is the input voltage pin for the pull-down transistor of ports PO, P1, P4, P5y and P5y. 


| Reset input 

















To enter the reset state, the reset input pin must be kept at a “L” for more than 2us (under normal Vcc 
conditions). ; . 

If more time is needed for the crystal oscillator to stabilize, this “L” condition should be maintained for the 
required time. | 




















This chip has an internal clock generating circuit. To control generating frequency, an external ceramic ora 
quartz crystal oscillator is connected between the Xin and Xour pins. If an external clock is used, the clock 
source should be connected the Xjy pin and the Xour pin should be left open. 


This is the timing output pin. ot | 


This is the I/O pins of the clock generating circuit for the clock function. To control generating frequency, 
an external ceramic or a quartz crystal oscillator is connected between the Xcin and Xcour pins. !f an exter- 
nal clock is used, the clock source should be connected to the Xen pin and the Xcout pin should be left 
open. This clock can be used as the program controlled system clock. 


Clock output Output 


Xcin Clock input for clock | 
function 














Xcoutr Clock output for 


clock function 


— 


Oo 
P1o9~P17 | Output port P1 Output Port P1 is an 8-bit output port and has basically the same functions as port PO. 
20 






Port PO is an 8-bit output port. Output structure is high-voltage P-channel open drain. A pull-down transistor 
is built in between the Vp pin and this port. 
At reset, this port is set toa “L” level. 









Port P2 is an 8-bit I/O port with directional registers allowing each I/O bit to be individually programmed as 
input or output. At reset, this port is set to input mode. 
The output structure is N-channel open drain. 


_ 
P3o9~ P37 | I/O port P3 ' 








Port P3 is an 8-bit 1/O port and has basically the same functions as port P2. When serial I/O is used, P37, 
P3g, P35, and P34 work aS Sapy, CLK, Sout, and Six pins, respectively. 









| P49~P47 | Output port. P4 
P59, P5, Output port P5 Bit 0 and 1 of port P5 are 2-bit output port and has basically the same functions as port PO. 


P52/INT2 | Input port PS Input Bit 2 and 3 of port P5 are 2-bit input port and are in common with interrupt inputs. 
P53/INT, ‘3 . 
P5,~P57 input | Bit 4~7 of port P5 are 4-bit input port. . 


P69 P67 | !/O port P6 


Port P4 is an 8-bit output port and has basically the same functions as port PO. 

























Port P6 is a 6-bit I/O port with directional registers allowing each I/O bit to be individually programmed as 
input or output. The output structure is CMOS tri-state output. P6, P6;, P62, P63 can be programmed to 
function as timer output pin (T) , PWM output pins (PWM;, PWM, and PWM3), respectively. 








7 | >. MITSUBISHI © 
a ELECTRIC 


MITSUBISHI MICROCOMPUTERS 


: M50754-XXXSP/ FP/GP,M50954-XXXSP/FP/GP, 


M50955-XXXSP/FP/GP 


SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 





BASIC FUNCTION BLOCKS 


- MEMORY 

A memory map for the M50754-XXXSP is shown in Figure 
1. Addresses E800,, to FFFF;, are assigned to the built-in 
ROM area which consists of 6144 bytes. 

Addresses E000,, to FFFF,, are the ROM address area 
assigned to the M50954-XXXSP. 

Addresses D800, to FFFF;, are the ROM address area 
assigned to the M50955-XXXSP. 

Addresses FF00;, to FFFF,, are a special address area 
(special page). By using the special page addressing 
mode of the JSR instruction, subroutines addressed on this 
page can be called with only 2 bytes. Addreeses FFF4. to 


RAM RAM 


(192 bytes) (160 bytes) 
for for 


Zero page ¢ M50955-XXXSP OOBF 16 


00E0,, 


OOF Fie 


ROM ROM ROM 
(10240 bytes)} (8192 bytes) | (6144 bytes) 


, 0000,6¢ 
‘ 0 : ge QOE0,, 
7 

7 , ‘OOE1i, 

7 

7 
, 00E2;¢ 

; | 

M50954-XXXSP_ | M50754-xxxsP | 209F 16 159 / 00E3,¢ 







Not used 


FFFF 16, are vector addresses used for the reset and inter- 
rupts (see interrupt chapter). Addresses 0000,¢ to OOFFi¢ 
are the zero page address area. By using the zero page 
addressing mode, this area can also be ‘accessed with 2 
bytes. The use of these addressing methods. will greatly re- 
duce the object size required. The RAM, I/O port, timer, 


etc., are assigned to this area. 


Addresses 0000;, to O09F,, are assigned to the built-in 
RAM .and consist of 160 bytes of static RAM. Addresses 
0000,, to OOBF,, are the RAM address area assigned to the 
M50954-XXXSP and M50955-XXXSP. In addition to data 
storage, this RAM is used for the stack during subroutine 
calls and interrupts. . | 


Decimal 






Port PO 


Port P1 
Port P2 

directional 
Port P2 register 
Port P3 

directional 
Port P3 register 
Port P4 


Port P5 | 


re 
PWM1-H register 
fees eel 


Serial |/O mode register 
Serial I/O register . 













/ ~ QOESi6 


O0E8i¢ 
O0E9i, 
us OOEAi6 
\ 00EB,. 
O0EC i, 
OOED ig 
Ys OOEE,. 
.  & OOEF i¢ 
a O0F 01, 
; OOF lig 
OF 24, 
00F3,, 
— 00F 4:6 
\ - 00F5;, 

\ 00F6,, 
—O0F7i¢ 














for bad for \ O0F8 16 
M50955 M50954 | M50754-xxxsP | Special \ ae 
-XXXSP -XXXSP page for FFF4,, : O46 
ite pcdiess/H.: INTz \ OOFAte 
\ 
TT Aeress Timer? \O0FCse[ Timer? 
scares | timers o0FDs6{ mer 
INT, ~  \- QOFE, 9] Interrupt control register 
ae \ 
Address L ——_—— ; ; 
on eee RESET ; OOFF,,| Timer control register 


65535 





Fig.l] Memory map 
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CENTRAL PROCESSING UNIT (CPU) 


The CPU consists of 6 registers and is shown in Figure 2. | 


ACCUMULATOR (A) 

The 8-bit accumulator (A) is the main register of the micro- 
computer. Data operations such as data transfer, Input/Out- 
put, etc., are executed mainly through accumulator. 


Accumulator — 
Index register X 
Index register Y 
Stack pointer 


‘Program counter 


Fig.2 Register structure 


INDEX REGISTER Y (Y) 


The index register Y is an 8-bit register. 
In the index addressing mode, the value of the OPERAND 


- added to the contents of the register Y specifies the real 


address. 


INDEX REGISTER X (xX) 

The index register X is an 8-bit register. 

In the index addressing mode, the value of the OPERAND 
added to the contents of the register X, specifies the real 
address. When the T flag in the processor status register is 
set to “1”, the index register X itself becomes the address 
for the eoeand OPERAND. 


Processor status register 


7 0 


Carry flag 

Zero flag 

Interrupt disable has 
Decimal mode flag 
Break flag 

Index X aide flag 
Overflow flag 


—Negative flag 
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STACK POINTER (S) 

The stack pointer (S) is an 8-bit register that contains the 
address of the next location in the stack. It is mainly used 
during interrupts and subroutine calls. The stack pointer is 
not automatically initialized after reset and should be initial- 
ized by the program using the TXS instruction. 

The contents of the stack pointer is XX, the stack address 
is set to O0OXX1s. When using this microcomputer in the 
single-chip mode, the stack pointer should be set at the 
bottom address of the internal RAM. 

When an interrupt occurs, the higher 8 bits of the program 
counter are pushed into the stack first, and then the lower 8 


bits of the program counter are pushed into the stack. After 


each byte is pushed into the stack, the stack pointer is de- 
cremented by one. Next, the contents of the processor sta- 


tus register are pushed into the stack. When the return from. 


interrupt instruction (RTI) is executed, the program counter 
are processor status register data is pulled off the stack in 
reverse order from above. 

The accumulator is never pushed into the stack automati- 
cally. A Push Accumulator instruction (PHA) is provided to 
execute this function. Restoring the accumulator to its pre- 
vious value is accomplished by the Pull Accumulator in- 
struction (PLA). It is executed in reverse order of the PHA 
instruction. | 

The contents of the Processor Status Register (PS) are 
pushed (pulled) to (from) the stack with the PHP and PLP 
instructions, respectively. Only the program counter is 
pushed into the stack during a subroutine call. Therefore, 
any registers that should not be destroyed should be 
pushed into the stack manually. The RTS instruction is 
used to return from a subroutine. 


PROGRAM COUNTER (PC) 
The 16-bit program counter consists of two 8-bit registers 
PCy and PC,. The program counter is used to indicate the 
address of the next instruction to be executed. 


PROCESSOR STATUS REGISTER (PS) 

The processor status register is composed entirely of flags 
used to indicate the condition of the processor immediately 
after an operation. Branch operations can be performed by 
testing the Carry flag (C), Zero flag (Z), Overflow flag (V) 
or the Negative flag (N). Each bit of the register is ex- 
Nlained below. 


MITSUBISHI. 
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1. Carry flag (C) 

The carry flag contains the carry or borrow generated by 
the Arithmetic and Logical operation Unit (ALU) im- 
mediately after an operation. It also changed by: the shift 
and rotate instructions. The set carry (SEC) and clear carry 
(CLC) instructions allow direct access for setting and 
clearing this flag. 


2. Zero flag (Z) 

This flag is used to indicate if the immediate operation 
generated a zero result or not. If the result is zero, the zero 
flag will be set to “1”. If the result is not zero, the zero flag 
will be set to “0”. 


3. Interrupt disable flag (1) . 
This flag is used to disable all interrupts. This is accom- 
plished by setting the flag to “1”. When an interrupt, this 
flag is automatically set to “1” to prevent other interrupts 
from interfering until the current interrupt is completed. The 
SEI and CLI instructions are used to set and clear this flag, 
respectively. | 


4. Decimal mode flag (D) 

The decimal mode flag is used to define whether addition 
and subtraction are executed in binary or decimal. If the 
decimal mode flag is set to “1”, the operations are ex- 
ecuted in decimal, if the flag is set to “0”, the operations 
are executed in binary. Decimal correction is automatically 
executed. The SED and CLD instructions are used to set 
and clear this flag, respectively. 


5. Break flag (B) 


When the BRK instruction is executed, the same aperations 
are performed as in an interrupt. The address of the inter- 
rupt vector of the BRK instruction is the same as that of the | 
lowest priority interrupt. The contents. of the B flag can be © 
checked to determine which condition caused the interrupt. 
If the BRK instruction caused the interrupt, the break flag 
will be “1”, otherwise it will be “O”. 


6. Index x mode flag (T) 

When the T flag is “1”, operations between memories are 
executed directly without passing through the accumulator. — 
Operations between memories involving the accumulator 
are executed when the T flag is “0” (i.e., operation results 
between memories 1 and 2 are stored in the accumulator). 
The address of memory 1 is specified by the contents of 
the index register X, and that of memory 2 is specified by 
the normal addressing mode. The SET and CLT instructions 
are used to set and clear the index X mode flag, espee: 
aveNy 
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7. Overflow flag (V) 

The overflow flag functions when one byte is added or sub- 
tracted as a signed binary number. When the result ex- 
ceeds +127 or —128, the overflow flag is set to “1”. When 
the BIT instruction is executed, bit 6 of the memory location 
is input to the overflow flag. The overflow flag is reset by 
the CLV instruction and there is no set instruction. | 


8. Negative flag (N) 


_ The negative flag is set whenever the result of a data trans- | 


fer or operation is negative (bit 7 is set to “1”). Whenever 
the BIT instruction is executed, bit 7 of the memory location 
is input to the negative flag. There are no instructions for 
directly setting or resetting the negative flag. 


Table 1 Interrupt vector address and priority 


a 
















Priority 





FFF916, FFFBi6 
Timer 1 or serial 1/O FFF716, FFF64,¢ 
—INTA(BRK) | | 6 ~————«|—s FFF Sa6, FFF446 


INTERRUPT 


_ The M50754-XXXSP can be interrupted from seven souces; 


INT,, timer 3, timer 2, timer 1/serial 1/O, or INT2/BRK in- 
struction. . 

The value of bit 2 of the serial |/O mode register (address 
OOF6,¢) determine whether the interrupt is from timer 1 or 


from serial 1/O. When bit 2 is “O” the interrupt is from timer 


1, and when bit 2 is “1” the interrupt is from serial |/O. Also, 


~ when the bit 2 is “1”, parts of port P3 are used for serial |/ 


O. These interrupts are vectored and their priorities are 
shown in Table 1. Reset is included in this table since it 
has the same functions as the interrupts. 

When an interrupt is accepted, the contents of certain reg- 
isters are pushed into specified locations, (as discussed in 
the stack pointer section) the interrupt disable flag | is set, 


-the program jumps to the address specified by the interrupt 


vector, and the interrupt request bit is cleared automatical- 
ly. The reset interrupt is the highest priority interrupt and 
can never be inhibited. Except for the reset interrupt, all in- 
terrupt are inhibited when the ‘interrupt disable flag | is set 
to “1”. All of the other interrupts can further be controlled 


individually via the interrupt control register shown in Figure 
'3. An interrupt is accepted when the interrupt enable bit 


and the interrupt request bit are both “1” and the interrupt 
disable flag is “O”. 


; 
Zane Interrupt control register.(Address O0FE,¢) 


INT, pin interrupt request bit 
INT, pin interrupt enable bit 
Timer 2 interrupt request bit 
Timer 2 interrupt enable bit 
Timer 1 interrupt or serial input/output interrupt 
request bit 
Timer | interrupt or serial input/output interrupt 
enable bit 
Bit 1: INT2 pin interrupt request bit 
Bit.0: INT. pin interrupt enable bit 


Bit 7: Timer 3 interrupt request bit 


7 0 
E Wehrle dee Met steed Timer control register (Address OOFFi¢) 


‘Interrupt request Interrupt disable flag | 





Fig.3 Interrupt control 


Bit 6: Timer 3 interrupt enable bit 

Bit 5: Timer 2 count stop bit 

Bit 4: Timer 3 count source selection bit 
Bit 3: Timer 2 count source selection bit 
Bit 2: Timer 1 count source selection bit 
Bit 1: 
Bit 0: 


Processor mode bits 
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The interrupt request bits are set when the following condi- 

tions occur: | 

(1) When the level of pins INT, and INT. change. 

(2) When the contents of timer 3, timer 2, timer 1 (or the 
serial |1/O counter) go to “0” 

These request bits can be reset by the program but can not 

be set by the progream. However, the interrupt enable bit 

can be set and reset by the program. 

The change in level at which the INT pins generate a inter- 

rupt varies according to the content of bits 4 and 5 of the 

PWM output mode register (address 00F5,,.). When these 

bits are “0”, the interrupt request is generated when INT 

changes from high-level to low-level. When these bits are 

“1”, the interrupt request is generated when INT changes 

from low-level to high-level. Bits 4 (PM,) and 5 (PMs) cor- 

respond to INT, and INT» respectively. 

Since the BRK instruction and the INT. intaytuoe have the 

same vectored address, the contents of the B flag must be 

checked to determine if the BRK instruction caused the in- 

terrupt or if INT2 generated the interrupt. 


TIMER 

The M50754-XXXSP has three timers; timer 1, timer 2, and 
timer 3. Since P3 (in serial 1/O mode) and timer 1 use 
some of the same architecture, they cannot be used at the 
same time (see serial I/O section). The count source for 
each timer can be selected by using bit 2, 3 and 4 of the 
timer control register (address OOFF,,), as shown in Figure 
5. 
A block diagram of timer 1 through 3 is shown in Figure 4. 
All of the timers are down count timers and have 8-bit 
latchs. When a timer counter reaches “0”, the contents of 
the reload latch are loaded into the timer at the next clock 
pulse. The division ratio of the timers is 1/(n-++1), where n 
is the contents of the timer latch. | | 
The timer interrupt request bit is set to “1” at the next 
clock pulse after the timer reaches zero. The interrupt and 
timer control registers are located at addresses OOFE,, and 
OOFF,¢, respectively (see interrupt section). The starting/ 


stopping of timer 2 can be controlled by bit 5 of the timer . 


control register. If bit 5 (address OOFF,,) is “0”, the timer 
Starts counting and when bit 5 is “1”, the timer stops. 

When the STP instruction is executed, or after reset, the 
timer 2 and timer 3 latch are set to FF,, and 07;.¢, respec- 
tivery. 

After a STP instruction is executed, timer 2, timer 3, and the 
clock (¢divided by 4) are connected in series (regardless 
of the status of bit 2 through 4 of the timer control register). 
This state is canceled if the timer 3 interrupt request bit is 
set to “1”, or if the system is reset. Before the STP instruc- 
tion is executed, bit 5 of the timer control register (timer 2 
count stop bit) and bit 4 of the interrupt control register 
(timer 2 interrupt enable bit) must be set to “0”. For more 
details on the STP instruction, refer to the oscillation circuit 
section. 





7 Din -§ 
he hohe | ' Timer control register (Address OOFF;,) 


Processor mode bits 
00 : Single-chip mode 
01 ° Memory expanding mode 
10 : Microprocessor mode 
11: Eva-chip mode 


Timer 1 count source selection bit 
0: 1/4 timing ¢ 
1: Timer 3 overflow signal 


Timer 2 count source selection bit 
0:1/4timing ¢ 
1: Clock for the clock function (Xcin) 


Timer 3 count source selection bit 
0 - Timer 2 overflow signal — 
1: Clock for the clock function (X¢n) 


Timer 2 count stop bit 
O : Count start 
1 : Count stop 


Timer 3 interrupt enable bit 
0 : Interrupt disable 
1 : Interrupt enable 


Timer 3 interrupt request bit . 
0 : No interrupt request 
1 : Interrupt request 


Fig.4 Structure of timer control register 
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Data bus 


( ) Timer 2 latch (8) 


Xcin- 8 1 


Internal clock 
(Normally 1/4 Xin) 














Timer 2(8) 
(Address O0OFC,,) 


Timer 3 latch (8) 
Timer 3(8) 
Address 00FD,,) Pi 







( 


Timer 1 
(Address en 


P6, latch 


P60/T(_ ) ry 
SMa 






SM,, SMo 
00, 01 : External clock 


0:1/2timer1,11:1/4¢ 





CLK 


1 


| o 
i anes Serial input/output 
counter (3) 
SM, SM2 













Reset 


STP instruction 


to timer 2 interrupt request bit 


to timer 3 interrupt request bit 


to timer 1 or serial |/O interrupt 
request bit 





| TM  : Timer control register (Address OOFF;¢) 
- @ Sin Serial input/output SM: Serial 1/O mode register (Address 00F6,¢) 
4 
register (8) PM : PWM output mode register (Address 00F5,¢). 
SMs3 Selection gate : Connected to black 
Siny 8 colored side at reset. » _ 

P3 }-—< F- | | | 
Fig.5 Block diagram of timer 1, timer 2, timer 3 
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SERIAL I/O 

A block diagram of the serial I/O is shown in Figure 6. 

In the serial |/O mode the receive raady signal (Sppy), syn- 
chronous input /output clock (CLK), and the serial I/O pins 
(Sour, Sin) are used as P37, P3g, P35, and P34, respectively. 
The serial |/O mode register (address O0F6,¢) is 8-bit reg- 
ister. Bits 1 and O of this register is used to select a syn- 
chronous clock source. 

When these bits are (00) or (01), an external clock from 
P3, is selected. When these bits are [10], the overflow sig- 
nal from timer 1, divided by two, becomes the synchronous 
clock. Therefore, changing the timer period will change the 
transfer speed. When the bits are (11), timing ¢ divided by 
4, becomes the clock. 


Timing Divider 


OH 


P3;(_) a 





CLK 


P3s(_) 


Pa. @ Sout 
P3.(_ ) aN 


Seay from 1/4 timing ¢ 
or timer 3 
Divider 


Bit 2 and 3 decide whether parts of P3 will be used as a 
serial |/O or not. When bit 2 is a “1”, P38, becomes an I/O. 
pin of the synchronous clock. When an internal synchronous 
clock is selected, the clock is output from P3.,. If an exter- 
nal synchronous clock is selected, the clock is input to P3, 
and Ps will be a serial output and P3, will be a serial in- 
put. To use P3, as a serial input, set the directional register 
bit which corresponds to P3, to “O”. For more information on 
the directional register, refer to the |/O pin section. 

To use the serial I/O, bit 2 needs to be set to “1”, if it is “O” — 
P3, will function as a normal I/O. Interrupts will be gener- 
ated from the serial:|/O counter instead of timer 1. Bit 3 
determines if P37 is used as an output pin for the receive 
data ready signal (bit 3=1, Saoy) or used as normal I/O pin 


Timer 1(8) 


(Address O00FA\g) 
to timer 1 or 


serial |/O 


y interrupt request bit 


lower 4 bits ’ 


a ae Serial 1/O mode register (Address O0F6,.) 





Fig.6 Block diagram of serial I/O 


Sync. clock selection bit 


0 ; External clock 
01: 


10 : 1/2 timer 1 frequency 
11: 1/4 timing ¢ 





Serial 1/O port selection bit (P35, P3.) 
0°: Parallel port 


1. Serial input/output port 


Srpy signal output selection bit (P37) 


0 : Parallel port 
1° Sapy signal output pin 
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(bit 3=0). The serial 1/O function is discussed below. The 
function of the serial |/O differs depending on the clock 
source; external clock or internal clock. 

Internal clock—The Sarpy signal becomes “H” during trans- 
_ mission or while dummy data is stored in the serial |/O reg- 
ister (address OOF7,,). After the falling edge of the write 
signal, the Say signal becomes low signaling that the 
M50754-XXXSP is ready to receive the external serial data. 
The Srpy signal goes “H” at the next falling edge of the 
transfer clock. The serial |/O counter is set to 7 when data 
is stored in the serial I/O register. At each falling edge of 
the transfer clock, serial data is output to P3;. During the 
rising edge of this clock, data can ‘be input from P38, and 











Sync. clock 





Serial !|/O register 

Write signal 

Serial 1/O output Sour 
~ output Soyt 


Serial I/O input Sj 
input Sin 






Receivable signal 








Sroy 


Fig.7 Serial 1/O timing 


Sending side 
Serial |1/O mode register 
Bit 3 Bit 0 


Raa 


The direction register for pin P37, 
should be set to input mode. 


Ys Cayatersieien Dr 


Sync clock P3, 


the data in the serial I/O register will be shifted 1 bit. 

Data is output starting with the LSB. After the transfer clock 
has counted 8 times, the serial [/O register will be empty 
and the transfer clock will remain at a high level. At this 
time the interrpt request bit will be set. 

External clock—If an external clock is used, the interrupt 
request will be sent after the transfer clock has counted 8 
times but transfer clock will not stop. | 


‘Due to this reason, the external clock must be controlled 


from the outside. The external clock should not exceed 
250kHz at a duty cycle of 50%. The timing diagram is 
shown in Figure 7. An example of communication between 
two M50754-XXXSPs is shown in Figure 8. 


Interrupt request bit set 


Receiving side 


Serial |1/O mode register 


Bit 3  Bito 


EES 


The direction register for pin P3, 
should be set to input mode. 


Serialdata  P3, 


Fig.8 Example of serial I/O connection 
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PWM OUTPUT CIRCUIT 


(1) 


Introduction 

The M50754-XXXSP is equipped with one 14-bit and 
two 6-bit PWMs. The 14-bit resolution gives PWM1 the 
minimum resolution bit width of 500ns (for X,y=4MHz) 


. and a repeat period of 8192us. PWM2 and PWM3 have 


a 6-bit resolution with minimum resolution bit width of 
164s and repeat period of 1024us. 

Block diagram of the PWM is shown in Figure 9. 

The PWM timing generator section applies individual 
control signals to PWM 1~3, using clock input Xi di- 
vided by 2 as a reference signal. 

Data setting 

The output pins PWM1, PWM2 and PWM@ are in com- 
mon with pins P6,, P6, and P63 of port P6 (i.e. for PWM 
output, PM1~PMs3 of the PWM control register and the 
P6 directional register D6;~D63 should be set). When 
PWM1 is used for output, first set the higher 8-bit of 
the PWM1-H register (address 00F0,,), then the lower 
6-bit of the PWM1-L register (address O00F1,;,). When 
either PWM2 or PWM is used for output, set the 6-bit 
in the PWM2 (address 00F2,,) or PWM3 (address 
OOF3,¢) register, respectively. Note that the higher 2 
bits of these 8-bit registers are ignored when used 6- 
bit register. 

Transferring data from registers to latches 

The data written to the PWM registers is transferred to 
the PWM latches at the repetition of the PWM period. 
The signals output to the PWM pins correspond to the 
contents of these latches. When data at addresses 
OOF0,, ~ OOF3;, is read, data in these latches has 


-already been read allowing the data output by the 
PWM to be confirmed. When the 6-bit latch is being 


read, the upper 2 bits of the register becomes unde- 
fined. However, bit 7 of the PWM1-L register indicated 


the completion of the data transfer from the PWM1 reg- . 


ister to the PWM1 latch. If bit 7 is “O”, the transfer has 
been completed, if bit 7 is “1”, the transfer has not yet 
begun. . 

Operation of the 6-bit PWMs- 

The timing diagram of the two 6-bit PWMs (PWM2 and 
PWMs3) is shown in Figure 10. One period (T) is com- 
posed of 64 (2°) segments. 

There are six different pulse types configured from: bits 
0~5 representing the significance of each bit. These 
are output within one period in the circuit internal Sec- 
tion. Refer to Figure 10(a). 

Six different pulses can be output from the PWM. 
These can be selected by bits 0 through 5. Depending 
on the content of the 6-bit PWM latch, pulses from 5~0 


(5) 


is selected. The PWM output is the difference of the 


sum of each of these pulses. Several examples are 


shown in Figure 10(b). Changes in the contents of the 
PWM latch allows the selection of 64 lengths of high- 
level area outputs varying from 0/64 to 63/64. An 
length of entirely high-level output cannot be output, 
i.e. 64/64. | 

14-bit PWM operation 

The timing diagram of the 14-bit PWM71 is shown in Fi- 
gure 11. The 14-bit PWM divides the data within the 
PWM latch into the lower 6 bits and higher 8 bits. 

A high-level area within a length N times T is output ev- 
ery short area of t=256 t =128us as determined by 
data N of the higher 8 bits. (Refer to PWM output @ in 
the lower part of Figure 11.) | | 
Thus, the time for the high-level area is equal to the 
time set by the lower 8 bits or that plus 7. As a result, 
the short-area period t(=128s, approx. 7.8kHz) be- 
comes an approximately repetitive period. 

Output after reset 

At reset the output of port P6 is in the high Fiedanee 


state and the contents of the PWM register and latch 


are undefined. Note that after setting the PWM regis- 
ter, its data is transferred to the latch. 


Table 2 Relation between the 6 lower-order bits 


6 lower-order bits of data 


000001 
000010 
000100 
oOo1000 | 





of data and the space set by the ADD bit 
= 0 ~63) 


Area longer by 7 than that of other im(m 


Nothing 

m=32 

m=16, 48 

m= 8, 24, 40, 56 

m= 4,12, 20, 28, 36, 42, 50, 58 

m= 2, 6, 10, 14, 18, 22, 26, 30, 34, 38, 42, 46, 50, 54, 58, 62 
=i, O/y 09-0103 
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PWMI-L (Address 00F1 6) oe 7 
- a Selection gate: connected to black: 


Register colored side when 


Gs to . — reset. 
when write e- Pass gate 














P6;, D6, 


P6,/PWM1 





; 


14-bit PWM circuit 


== 
YU 
cL_4 







(8192us period) 


(1024us period) 


ae 
a ~ 


P6./PWM2 __ 


PWM2 


6-bit PWM circuit PWM3 






6-bit PWM circuit 





6 






P63/ PWM3 


om 
Ss 


PWM2 latch 





PWM3 latch 


P63; D63 


- PWM output mode register (Address 00F5,¢) 
.D6 : Port P6 directional register (Address OOEF 6) 


P6 : Port P6 register (Address 00EE;,) 
Data bus 


Fig.9 Bloock diagram of the PWM circuit 
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Contents 
of the latch 


When 0015 
When 01 16 


When 1846 
(24) 


When 28,.- 
(40) 


When 3Bis 
(59) 


~ When 3Fi¢ 
(63) 


When output is lower 6 bits of PWM1 t=128us T=8192us | 
When output is PWM2 and PWM3 = t= l6us T= 1024us 5 
When f(x.) =4MHz 


(b) Example of 6-bit PWM output 





Fig.10 6-bit PWM timing diagram 
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7 Data in address 00F0j¢ is t6A;6 | Data in address O0F0;¢ is #7Bi¢ 
register : 
| Data in address O0F1i¢ is #246 Bit 7 reset after transfer Data in addressQ0F1,¢ is +354, 
PWMI1-L ; 
. Register to latch tranfer Bbdi6 Register to latch tranfer 
poe . 165346 Ni IAS 1AA4 sg \ IEFSi6 CO 


t_ When bit 6 of PWM1-L is “0” register . 


T = 8192us to latch.transfer will not occur. 


(64X128us) 


t= 12  . 
{ 8us es 


~ 


ee Teta ol 
| (Example1) .6A 6B 6A 6B 6A 6B 6B 6B 6A 6B 6B GA 6B 6B 6B 6A 6B 6A 6B 6A 6B 6B 6B 6A j|6B 6A 
PWM 1 output 
mO) 
lower 6 bits = 
output } 5 513 , 5 
(When H: GA 4g, 
L: 24,46) 6Big 
(107) 


(Example 2) 
PWM1 output 


6A |6A 6A 6A 6B 6A 6B 6A 6B 6A 6A 6A 6B 6A 6B 6A 6B GA GA  —_ 6A 6B. GA 6B GA 6B [6A GA 


lower 6 bits 


output 
i 4 
(When H: 6A4.¢, 


t= 128ugs > 
(256X0, 5us) 


~ 


Minimum bit resolution width} cr =0.5ys 


PWM1 output _ fee] 6a! 69! 68! 67! as | GA | 69 | 68! 67! — | 02 | 01 


8-bit counter 102! 01! 00|FFIFE'FDIFC! —— 197196195! —— 102!'01'00|FFIFE!FDIFC! — 197196195! — 


High/low-level of the ADD | High-level area output, the length - 
section is determined by. - of which is specified PWM- H 
the data contained in 


the lower 6 bit. 256 t (128s) Standard 





Fig.11 14-bit PWM timing diagram 
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6 0 . 
Raises PWM output mode register 


(Address 00F5;,) 
PWM1, PWM2, PWM3 count source 
selection bit 

0 : Supply 

1° Stop 


P6,/PWM, output selection bit . 
0 : Parallel port 
1 > PWM, output 


P62/PWMz output selection bit 
0 : Parallel port 
1° PWM» output 


P63,/PWMs3 output selection bit 


0 : Parallel port 
1 > PWMsg output 


INT, input reverse bit 
0 : INT (leading-edge interrupt request) 
1: INT (trailing-edge interrupt request) 


INT. input reverse bit 
0 : INT (leading-edge interrupt request) 
1: INT (trailing-edge interrupt request) 


P60/T, output selection decision bit 
(reading only) 

0 : Parallel port 

1: Output is 1/2 that of timer 1 





Fig.12 Structure of PWM output mode register 


Fig.13 
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7 0 
| | | | | |] ]> Serial 1/0 mode register 


(Address 00F6,,) 


Sync clock selection bit 

00/01 : External clock 

10: 1/2 timer 1 

11: 1/4 internal clock ¢ 
1/16 of the Xiy oscillation frequency 
during normal operation. 
1/8 of the Xcin oscillation frequency 
during low speed operation 


— I/O port selection bit 


(P36, P3) 
0 : Parallel port 
1 : Serial 1/0 port 


Sarpy signal output selection bit (P37) 


0 : Parallel port 
1° Sapy signal output pin 


P6,/T1 output selection bit 
0 : Parallel port 
1 : Output is 1/2 timer 1 


P6,/T} output function selection bit 
0 : Sync. mode 
(EAROM clock input signal generation 
1: Asynchronous mode 


Clock (Xiy—Xour) stop bit 
0: Oscillate 
1° Stop 


Internal system clock generation selection 
0 : Xin—Xour selection (normal mode) 


1. Xcin— Xcout selection 
(low-speed mode) 


Structure of serial |1/O mode register 
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| (Note 1) 
eee ee 
Latch output | Timer output 


| | 
| 
| | | , 

P6, latch 7 | 7 
2 oe a 
| . | . | 
P6,/T output ar | | . | | 
er a (a) Synchronous mode (SM;=0) | 
‘SM, | : : : 
PMe | . : 


Latch output Timer output 
P6éj latch = . | . . 
P6)/T output _ | | - : | 7 


(b)’ Asynchronous mode (SMs=1) 


Note 1 : Output switching occurs at the trailing edge of timer 1 divided signal when 
the value of the P6 latch is “0” and at the leading edge of timer] divided 
signal when the value of the P6, latch is “1”. 


Fig.14 P6)/T switching timing diagram 
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PORT P6,/TIMER 1 OUTPUT 

Bit O of port P6 outputs 1/2 the frequency of timer 1 when 
OOF6,, bit 4 of the serial I/O mode register (address 
OOF6,,) is changed. The output switching can be accom- 
plished with either of two procedures, synchronous mode or 
asynchronous mode, depending on the setting of bit 5 
(SMs) of the serial |1/O mode register. 

When SMsz is set to “0” the synchronous mode is set. In 
such a case, after SM, has been changed, synchronization 
is set to the 1/2 frequency of timer 1 and switching be- 
tween the port latch and timer takes place. It is possible to 
ascertain whether switching actually occurred by reading 
the value of bit 6 (PM.) of the PWM output mode register. 


Internal RESET 


SYNC Lt 


2 KEL K 0: SX0S-1X00-S- AXE EFEXFEFEXRDW AOD 


Address 


ca GD G3.G). G® G2) G2 GD) 


8~12 clock cycles 


Fig.15 Timing diagram at reset 


From the time that the contents of SM, was changed to the 
point where switching completes, the contents of neither 
SM, nor P69 may be changed. Use of the synchronous 
mode prevents the generation of a pulse shorter than the 
timer output during swiching. Figure 14 (a) gives an exam- 
ple of timing in the synchronous mode. Use of the synchro- 
nous mode allows generation of an EAROM clock input sig- 
nal through the use of a simple program. 

When SMsz is set to “1”, the asynchronous mode is set. In 
this case, the output switching occurs directly after SM, has 
been changed. Figure 14 (b) gives an example of timing in 
the asynchronous mode. | 


Reset address retrieved 
from the vector table 


- The relationship of frequency between f(x, and ¢ is normally 
fxn) = 4 : g. 

> A question mark (?) means that the address is changeable 
depending on the previous state. 
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RESET CIRCUIT 

The M50754-XXXSP is reset according to the sequence 
shown in Figure 15. It starts the program from the address 
formed by using the content of address FFFF,. as the high 
order address and the content of the address FFFF,, as the 
low order address when the RESET pin is held at “L” level 
for more than 2us while the power voltage is in the recom- 


Address 


Port 0 register 


Port 1 register (P 1) (E 246) °° 


Port P2 directional (D2)(E5 is) ve 
register 


Port P3 directional (D3) (E 946) °° 00y6 . 
register 
Port 4 register -(P 4) (E Aye) 


(P5) (E Cie) « 


 WeOeee ~ 


Port 5 register 


Port P6 directional (D6) (E Fig): 


register 


PWM output mode 
register 


(PM) (F546) 


Serial 1/O mode 
register 


(SM) (F 646) = 


(T2) (F Cie) 


Timer 2 


Timer 3 (13) (F Di.) °° 


Interrupt cotrol (IM)(FE oa Visa: 
register 


Timer control register (TM) (F Fi¢) °* 


| | ed 
n >) 
n rs) 
D o | 
| | 


Processor status register 
(only the interrupt disable 
flag is set.) 


(PS> )* 


|| 


Contents of 


(15) Program counter address FFFF4¢ 


(PCy) 


Contents of 
address FFFE1ig . 


i 


(PC,) 7 


Since the contens of both registers other than those listed above 


(including timer 1 and the serial I/O registers) and the RAM are un- 
defined at reset, it is necessary to set initial values. 





Fig.16 Internal state of the microcomputer at reset 


mended operating condition and the crystal oscillator 
oscillation is stable and then returned to “H” level. The in- 
ternal initializations following reset are shown in Figure 16. 
An example of the reset circuit is shown in Figure 17. 
When the power on reset is used, the RESET pin must be 
held “L” until the oscillation of MineXoure becomes stable. 


M50754-XXXSP 


M50754-XXXSP 


RESET 


Supply voltage 
detection circuit 





Fig.17 Example of reset circuit 
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/O PORTS (5) Port P4 | 
(1) Port PO Port P4 has the same functions as port PO in the single- 
Port PO is an 8-bit output port with high-breakdown vol- chip mode. The functions of this port do not change re- 
tage p-channel open-drain outputs featuring a break- © gardless of though the processor mode. 
down voltage of Vcoc-36V. Each pin contains a pull- (6) Port P5 
down resistor making Vp a negative power source. As Bits 0 and 1 of port P5 have the same functions as port 
shown in the memory map in Figure 1, port PO is used P4. | 
on the zero page at address 00E0i¢ in memory. Bits 2 and 3 are exclusively used as inputs for mutual 
Depending on the content of the processor mode bit » use as interrupt inputs. These pins feature hysteresis 
(bits 0 and 1 of address OOFF,,.), four modes can be characteristics. These pins can also be used for fetch- 
selected, single-chip mode, memory expanding mode, ing inputs even when being used as interrupt inputs. 
microprocessor mode, memory expanding mode, mic- The interrupt request bits (bit 7 and 1 of address 
roprocessor mode, and eva-chip mode. Modes other OOFE;,5 = INT, and INTo, respectively) are set to “1” 
than the single-chip mode also have functions as when the inputs of ports P53 (INT;) and P5. (INT2) 
address output pins besides their original functions. For change. Depending on the contents of bits 4 and 5 of 
details, refer to the section on the processor mode. the PWM output mode register PM (address O0F5;.) , 
(2) -Port P1 either a raising-edge interrupt or a falling-edge inter- 
Port P1 has the same functions as port PO in the single- _rupt may be selected as the interrupt source. (Refer to 
chip mode. In modes other than the single-chip mode, Figure 12.) 
functions vary slightly. For details, see the section on Since interrupt input and normal input ports are used 
the processor mode. together in the M50754-XXXSP, unwanted noise may 
(3) Port P2 | mistakenly cause interrupts. This problem can be over- 
Port P2 is an 8-bit 1/O port with N-channel open drain come by programming. 
outputs As shown in Figure 1, port P2 is used at When changing either bit 4 (PM,) or bit 5 (PMs) of the 
address 00E4,, in the memory. , PWM output mode register, it is necessary for the in- 
Port P2 has a data direction register (address 00E5;¢ terrupt request enable bit (either bit 6 or 0 of ‘address 
on zero page) and programming can be undertaken for OOFE;¢) to be set to the interrupt disable condition 
an individual bit to use the port for input or output. The (“0”). If this is not done, an interrupt will be generated 
pins where the data direction register is programmed when either PM, or PMs is changed. 
to “1” are for output and those where the register is Bits 4 through 7 of port P5 is a 4-bit input port. 
programmed to “0” are for input. - (7) Port P6 
The data written into the pin programmed as an output Port P6 is a 6-bit I/O port having the same functions as 
pin are written into the port latch and supplied directly Port P2. The output is CMOS three-state. Bit 0 is used 
to the output pin. When reading the data from a pin in common with the timer output. Bits 1~3 are used in 
programmed as an output pin, it is not the output pin common with PWMs 1~3. 
contents which are read but the port latch contents. The functions of this port do not change, BeliG the 
Consequently, since an LED or other similar part is same as in the single-chip mode, even though the pro- 
driven directly, the value output previously can be read cessor mode may change. 
correctly even if the low-level output voltage goes high. A block diagram of ports PO through P6 are shown in 
The pin programmed as an input pin remains floating, Figure 18. | 
so external signals can be read. When data is written, (8) Clock ¢ output pin 
it is written into the port latch only and the pin remains The clock frequency, divided by four, is output (Xx). 
floating. However, in the low-speed mode 1/2 the clock fre- 
This port has the same functions as port PO except for quency for timer (Xciy) is output. 
the single-chip mede. For details, see the section on | 
the processor mode. 
(4) Port P3 
Apart from the fact that part of the pins are also used 
as serial input/output pins, its functions are the same 
as those of port P2 in the single-chip mode. This port 
has the same functions as port PO except in the single- . 
chip mode. For details, see me section on the proces- 
sor mode. 
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L Ports PO, P1, P4, P5o, P5, 


Data bus 


——e 
<q 








N-channel open drain output 


} Direction register | } Direction register | 





Ports P2, P3 





Data bus ae | Portlatch 


Note : P3 may also be used as a serial 
input/output pin. 


CMOS Tri-state output 


Data bus. 
Port 6 


: Bits 0~3 may also be used as timer}. 
outputs and PWM output pins. 





Schmitt input 








Data bus 





PWM mode register 


Input 


: : | CMOS output 
Data bus cee omit | | 3 
. Ports P54~P5, . . | 5) 


* High voltage P-channel transistor 


¢ 


Fig.18 Block diagram of port PO~P6 (single-chip mode) and output format of ¢ 
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PROCESSOR MODE 

By changing the contents of the processor mode bit (bit 0 
and 1 at address OOFF,,), four different operation modes 
can be selected; single-chip mode, memory expanding 
mode, microprocessor mode and evaluation chip (eva- 
chip) mode. In the memory expanding mode, microp- 
rocessor mode and eva-chip mode, ports PO~P3 can be 
used as multiplexed !/O for address, data and control sig- 
nals, as well as the normal functions of the I/O ports. 

Figure 20 shows the functions of ports PO~P3. 


The memory map for the single-chip mode is illustrated in. 


Figure 1 and for other modes, in Figure 19. 

By connecting CNVsg to Vgs, all four modes can be 
selected through software by changing the processor mode 
bits. Connecting CNVss to Voc automatically forces the 
microcomputer into microprocessor mode. Supplying 10V to 
CNVss places the microcomputer in the eva-chip mode. 
The four different modes are explained as follows: 





\ 
Internal RAM p= = 


= ees es oe 
WL 
_ 



















Zi 


06 CREE ees 
\ XA 


L, 








Microprocessor 
mode 


Memory expanding 
mode 
Note 1 : E000,, for M50954-XXXSP 


D8001¢ for M50955-XXXSP 
00C0,¢ for M50954-XXXSP and M50955-XXXSP 


The shaded area is external memory area 





Eva-chip mode 






Note 2: 






Fig.19 External memory area in processor mode 


(1) Single-chip mode (00) ! 
The microcomputer will. automatically be in the single- 
chip mode when started from reset, if CNVgg is con- 
nected to Vss. Ports PO~P3 will work as original |/O 
ports. 

(2) Memory expanding mode (01) 

The microcomputer will be placed in the memory ex- 
panding mode when CNVszs is connected to Vss and 
the processor mode bits are set to “01”. This mode is 
used to add external memory when the internal mem- 
ory is not sufficient. . 

The lower 8 bits of address data for port PO is output 
when ¢goes to “H” state. When ¢goes to the “L” — 
state, PO retains its original |/O functions. 
Port P1’s higher 8 bits of address data are output when 
@ goes to “H” state and as it changes back to the “L” 
State it retains its original |/O functions. Port P2 retains 
its original output functions while ¢is at the “H” state, 
and works as a data bus of D7~ Dg (including instruc- 
tion code) while at the “L” state. Pins P3, and P3, out- 
put the SYNC and R/W control signals, respectively 
while ¢is in the “H” state. When in the “L” state, P3, 
and P3, retain their original |/O function. 

‘The R/W output is used to’read/write from/to the out- 
side. When this pin is in.the “H” state, the CPU reads 
data, and when in the “L” state, the CPU writes data. 
The SYNC is a synchronous signal which goes to the 
“H” state when it fetches the OP CODE. 

(3) Microprocessor mode [10] 

After connecting CNVss to Vcc and initiating a reset, 
the microcomputer will automatically default to this 
mode. . 

In this mode, port PO and P1 are used as the system 
address bus and the original function of the I/O pins is 
lost. Port P2 becomes the data bus (D7~D,). and loses 
its normal 1/O functions. Port P3, and P3, become the 
SYNC and R/W pins, a ca and the normal 1/O 
functions are lost. 

(4) Eva-chip mode [11] 

When 10V is supplied to CNVgg pin, the microcomputer 
is forced into the eva-chip mode. The main purpose of 
this mode is to evaluate ROM programs prior to mask- 
ing them into the microcomputer’s internal ROM. 

In this mode, the internal ROM is inhibited so the ex- 
ternal memory is requierd. | 
This mode has almost the same function as the mem- 
ory expanding mode except that it needs to attach all 
program memories to the outside. 

The relationship between the input level of CNVsg and 
the processor mode is shown in Table 2. 
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Memory expanding mode Eva-chip mode Microprocessor mode 


Ports PO;~P0) Ports P0;~P0, Same as left | Ports P07~POp 


x 1/0 port aie e 1/0 port | eet 


Port PI | ~—«éots P1y~Pto | | Ports P17~P 19 | Same as left Ports P17~P1, 


Address \ . Address 


Ports P2;~P2)_ i Ports P2;~P2 Same as left Ports P27~P2o | 


Output Data \ . Data 7 
ionic | a {ome } 


Port P2 


Ports P37~P3p, . Ports P37~P3, Ports P37~P3. 


x I/O port . x o I/O port — YX I/O port | 


Port P3, Same as left Port P3, 


R SYNC X I/O port SYNC Y 


Port P35 Port P39 


R/W x 1/O port } i R/W 


Fig.20 Processor mode and functions of ports PO~P3 





Table 3 Relationship between CNVszg pin input level and processor mode 


¢ Single-chip mode . The single-chip mode is set by the reset. ‘ 


* Memory expanding mode ‘All modes can be selected by changing the processor mode bit with the program. 
* Eva-chip mode 


* Microprocessor mode 


* Eva-chip mode | The microprocessor mode is set by the reset. 
* Microprocessor mode Eva-chip mode can be also selected by changing the processor mode bit with the program. 
_* Eva-chip mode Eva-chip mode only. © 
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CLOCK GENERATING CIRCUIT 

The M50754-XXXSP has two internal clock generating cir- 
cuit. Figure 23 shows a block diagram of the clock generat- 
ing circuit. Normally, the frequency applied to the clock in- 
put pin X, divided by four is used as the internal clock 
(timing output) ¢. Bit 7 of serial I/O mode register can be 
used to switch the internal clock ¢ to 1/2 the frequency ap- 
plied to the clock input pin Xun. 

Figure 21 shows a circuit example using a ceramic (or crys- 
tal) oscillator. Use the manufacture’s recommended values 
_ for constants such as capacitance which will differ depend- 
ing on each oscillator. When using an external clock signal, 
input form the Xjn(Xcin) pin and leave the Xoyt(Xcourt) pin 
open. A circuit example is shown in Figure 22. 


The M50754-XXXSP has two low power dissipation modes; 


stop and wait. The microcomputer enters a stop mode 
when the STP instruction is executed. The oscillator (both 
Xin Clock and Xcin clock) stops with the internal clock ¢ 
held at “H” level. In this case timer 2 and timer 3 are forc- 
ibly connected and ¢/4 is selected as timer 2 input. Also, 
‘timer 2 and timer 3 loaded with FFig and 074, respectively 
to enable the oscillator to stabilize when restarting oscilla- 
tion. Before executing the STP instruction, the timer 2 count 
stop bit must be set to supply (“0”), timer 2 interrupt enable 
bit and timer 3 interrupt enable bit must be set to disable 
(“0”), and timer 3 interrupt request bit must be set to no re- 
quest (“0”). | | 

Oscillation is resarted (release the stop mode) when INT;, 
INTs, or serial I/O interrupt is received. The interrupt en- 
able bit of the interrupt used to release the stop mode must 
be set to “1”. When restarting oscillation with an interrupt, 
the internal clock ¢ is held “H” until timer 3 overflows and 
is not supplied to the CPU. When oscillation is restarted by 
reset, “L” level must be kept to the RESET pin until the 
oscillattion stabilizes because no wait time is generated. 

The microcomputer enters a wait mode when the WIT in- 
struction is executed. The internal clock ¢ stops at “H” 
level, but the oscillator does not stop. ¢ is re-supplied (wait 
mode release) when the microcomputer is reset or when it 
receives an interrupt. Instructions can be executed im- 
mediately because the oscillator is not stopped. The inter- 
rupt enable bit of the interrupt used to reset the wait mode 
must be set to “1” before executing the WIT instruction. 

Low power dissipation operation is also achieved when the 
Xin clack is stopped and the internal clock ¢ is generated 
from the Xciy clock (200“A(max.) at f(Xcjy) = 32kKHz). Xin 
clock oscillation is stopped when the bit 6 of serial I/O 
mode register (address O0F6;.) is set and restarted when. it 
is cleared. However, the wait time until the oscillation sta- 





_- bilizes must be generated with a program when restarting. 





An “L” level must be kept to the RESET pin until the 
oscillation stabilizes when resetting while the Xjy clock is 
stopped. Figure 24 shows the transition of states for the 
system clock. 








M50754 -XXXSP 


Xin Xout 


Xcin Xcour 


ie on aan aoe 


Fig.21 Example ceramic resonator circuit 


MS50754-XXXSP 


Xin Xcour Xcin Xcout 
28 Open29 307 Open 31 
External oscillating External oscillating circuit 
circuit or external pulse 


vo SUA 
Vss Vss 


Fig.22 Example clock input circuit 
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Timer 2 count source ~ 
selection TM3 









Internal system 
clock source 
selection SM, 


System clock 
stop. bit 


SMe 






Timing ¢ 
(internal clock) 





SM7 






STP WIT 
instruction | instruction 





STP instruction 





Reset 
@ Interrupt disable flag | 


INT, interrupt enable 


INT, interrupt request 





Timer 3 interrupt enable 


Timer 3 interrupt request 


Timer 2 interrupt enable 


Timer 2 interrupt request 


Timer 1 interrupt request 
(or serial 1/0) 
INT» interrupt enable 


= Timer 1 interrupt enable 


INT. interrupt request 


Fig.23 Block diagram of clock generating circuit : . 
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WIT instruction 
<—<—____—_. 





4MHz oscillation 
32kHz oscillation 

¢=stop(high-level) 
Timer operation 






—_—__—_> 
Interrupt 


External INT | 






Timer interrupt 
S$ 1/O interrupt 










WIT instruction 
4MHz oscillation 






—— 
32kKHz oscillation 
¢ =stop 
Timer operation( Note 3) aaa ee 
. Interrupt 





Timer interrupt 


External INT | 
S1/O interrupt 








WIT instruction 
<_____—_ 





4MHz stop 
32kHz oscillation 
¢=stop 

Timer operation( Note 3), 






——$_—_ >> 
Interrupt 
External INT | 






Timer interrupt 
S$ 1/O interrupt 












4MHz oscillation ca 4MHz stop 
32kHz oscillation 32kHz stop 
¢ =16kHz ~=stop 


SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 


STP instruction 
ae ee 4MHz stop 


4MHz oscillation 

32kHz oscillation 32kHz stop 

¢ =1MHz : ¢ =stop 
Interrupt( Note 1) 





External INT 
S I/O interrupt 


STP instruction 







Interrupt( Note 2) 
External INT 
$1/O aie 

SM,=0 

It is necessary to program a 
latency period sufficient to allow 
the 4MHz oscillation to stabilize. 


SM.6=1 


STP instruction 





-4MHz stop as aa 4MHz stop 
32kHz oscillation 32kHz stop 
¢ =16kHz ¢=stop 
Interrupt( Note 2) 

External INT 


S$ 1/O interrupt 


The above example assumes that signals of 4MHz and 32kHz are being applied to pins Xin Xciw respectively. ¢ signifies the internal clock. 


(Note 1) Approximately 8ms of latency time are automatically generated upon release 

‘from the STP instruction due to the connections of timer 2 and 3. 
(Note 2) Approximately 500ms of latency time exists after the release of the STP instruction. 
(Note 3) When the internal clock 1/4 frequency is connected as a timer count source the count source becomes 4kHz. 





Fig.24 Transition of states for the system clock 
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<An example of flow for system> 


Power on reset 
Clock X and seis for clock function Xo oscillation 
Internal system clock start (X +1/4— ¢) 


Program start from RESET vector 


Normal program +-Operating at 4 MHz 


Normal operation 


‘i 


Internal clock ¢ source switching X( 4 MHz)*Xerx(32. 768kKHz)(SMz > 0-1) 
Clock X halt(X¢ in operation) | 

Internal clock ack WEE instruction) 

Timer 3 (clock count) overflow 


Internal clock operation start (WIT instruction released) 


function only 


| 


‘Clock processing routine + Operating at 32. 768kHz 


Operation on the clock 


Internal clock halt (WIT instruction) 


Internal clock a cea start (WIT instruction released) 
Program start from interrupt vector 


Clock X oscillation start 


Oscillation rise, time routine (software) +-Operating at 32. 768KHz | 


Internal clock ¢ source switching (X~—~X)(SM7: 170) 


Return from clock function 


Normal program — Operating at 4IMHz got 


STP instruction preparation (pushing registers) 


| 


Timer 2, timer 3 interrupt disable (IM,= 0, TMg= 0 ), Timer 3 interrupt request bit reset (TM7= 0 ) 
Timer count stop bit resetting (TMs = 0 ) | 


Clock X and clock for clock function Xc¢ halt (STP. instruction) 


RAM backup function 


RAM backup status 


Interrupts from INT,, serial I/O, INT. 
Clock X and clock for clock function Xe oscillation start 


Timer 3 overflow (X/16 or X¢/8—timer 2 timer 3) 
(Automatically connected by the hardware) 


Internal system elec start (X—+1/4—>¢) © 


Program start from interrupt vector - 


Interrupts from ei timer 2, timer 1 or serial |/O, INTs 


Normal program 


Return from RAM backup function 


=) 
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PROGRAMMING NOTES 


(1) The frequency ratio of the timer and the prescaler is 


1/(n-+1). 

(2) Even though the BBC and BBS instructions are ex- 
ecuted after the interrupt request bits are modified (by 
the program), those instructions are only valid for the 
contents before the modification. Also, at least one in- 
struction cycle must be used (such as a NOP) between 
the modification of the interrupt request bits and the 
execution of the BBC and BBS instructions. 

(3) When ¢/4 or it divided by timer are used as clock for 


timer, the contents of the timer can be read at volun- ; 


tary timing. 
However, when an other clock (except above clocks) 
is input to timer, read the contents of timer either while 
the input of the timer is not changing or after timer 
count is stopped. 

(4) After the ADC and SBC instructions are executed (in 

' decimal mode), one instruction cycle (such as a NOP) 

is needed before the SEC, CLC, or CLD instructions 
are executed. 

(5) A NOP instruction must be used after the execution of 
a PLP instruction. 


DATA REQUIRED FOR MASK ORDERING | 
Please send the following data for mask orders. 

(1) mask ROM confiramation form. 

(2) mark specification form. | 

(3) =1@)\\/ ike [-\ 0: Wa ee EPROM 32sets. 
Write the following option on the mask ROM confirmation 
from. 

* ¢ output stop option. 
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ABSOLUTE MAXIMUM RATINGS 


Symbol Conditions . Ratings 


==). 3-7, 







Parameter 








< 


< 
—" jv lo 
9) 


Supply voltage 










Pull-down input voltage 
Input voltage, P29>~P27,.P3>~P37 










Vv —0.3~13 
CNVss, P52/INT2, P53/INT; 
Input voltage, RESET, Xin, Xcin With respect to Vss. —0.3~7 


Input voltage, P5,~P57 . —0.3~13 
Output voltage, P29~P27, P39~P3, ; —0.3~13 


Vi 

Vi 

Vi 

Vo 

Vo . 
2 


Note 1 : 600mW for QFP types. 








—40~125 


RECOMMENDED OPERATING CONDITIONS (vcc=5v+10%, Ta=—10~70°C, unless otherwise noted) 


Pmt 
: Parameter 
No 
‘ e oe f(Xiq) = 4. 2MHZ 4. 
u voltage 
os PPly 2 (xj) =less than] MHz 3 


- ee 
“H” input voltage P29~P27, P39~P37, CNVss( Note 2 ) 0. Veo 
P52/INTo2, P53/INT;, P6g~P65_ 
Vin Ves 
H “H” input voltage P54,~P57 
~ | “L” input voltage P29~P27, P89~P37, CNVss 
P52/INT2, P53/INT;, P6g~ P65 


“L” input voltage RESET ‘ 
“L” input voltage Xin, Xcin 








Symbol Unit 


= 


<)/ < |<j<j< 





o1 
<jorjan 
Qo ;aTon 


Vec 


< 
(9) 


Cc 


< 
Q 
fo) 


0.25Vecc 


r 


SS < 
= 
fos) 
O 


co) 
aay 
< 
Q 
co) 


<| <- 


0.12Vcc 
0. 16Vcc 


Vit 
Vir 





“s 





Vic. “L” input voltage P54~P57 eee 0.12Voc 
“H” sum output current POQg~PO07, Plo~P17, P49~P47 
lou(sum) P5,, P5; —120 mA 





loH(sum).| “H” sum output current P69~P65 
lot(sum) | “L’ sum output current: P29>~P27, P389~P37 


: 
a}o|n 
Be 
>| > 


lou(sum) | “L” sum output current P6>~P6s5 





lon(peak)| “H” peak output current PQo~ PO, . 


lon(peak)| “H” peak output current POs~P0;, P19~P17 


loH(peak)| “H” peak output current P69~P6s5 


lot(peak)| “L” peak output current P29~P27, P39~P37 
lot(peak)| “L” peak output current P6y~P6s5 aa 
lon(ava) | “H” average output current P0g~P07, P1p~P17(Note7) 


lou(ava) | “H” average output current P49~P47, P5o, P5; ao SZ mA 


| 
w 
O 
; 
> 








lon(avq) | “H” average output current P69~P65 


lotvava) | “L’ average output current P29~P27, P39~P37 | eee 
lot(ava) | “L’ average output current P69~P65 Pe Wee ae 
) Clock input oscillating frequency (Note3, 4, 6) ras 


fixe) Clock oscillating frequency for clock function - 









oa 


— 
x 
[2 








Note 2 : High-level input voltage of up to +12V may be applied to permissible for ports P29>~ P27, P3p~ 
P3,, CNVsgs, and P52~P57. : 





Voco—40~Vec +0. 3 


Input voltage, P69~P6s5 Output transistors cut-off. —0.3~Vect0. 3 


Voco—40~Vec +0. 3 
1000( Note 1 ) 


Output voltage, P69~P6s, Xour, Xcour, ¢ —0.3~Vect0. 3 













V 


<{/<1<j/<i<[<] < j< 















3 : Oscillation frequency is at 50% duty cycle. . 
4 : When used in the low-speed mode, the timer clock input frequency should be fixiny < foxiny/3. 
5 : When external clock input is used, the timer clock input frequency should be fxcin) = 50KHz. 
6 : The average output current lor(avg) and lon(avg) are in period of 100ms. 
7 + —18mA for M50954-XXXSP, M50955-XXXSP. . 
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ELECTRICAL CHARACTERISTICS (Voc = 5V410%, Vss = OV, Ta = 25C, f(x,,) = 4MHz, unless otherwise noted) 


. . Limits 
Symbol! Parameter Test conditions Unit 
sme | Pam ‘| min. | Typ. | Max. ue 


[Vou [AF euputvotage Poe=Pe wma | 
Hysteresis RESET 

Hysteresis P3, 

Hysteresis Xin 

tn | “L” input current P2>~P27, P39~P3; 


“L” input current P54~P57 Vfi= 
“L” input current RESET, Xin, Xcin =0V 


fie 

“L” input current P5p/INT:, P53/INT; =v. 
Vie 
Vie 













“ 


- 


<|< 


< 










When used as CLK input 











</< 
it | 1 
oO 
< 
S/o] |o 
—1}Ww Ww 
-) 
ol 


°o 
< 
> 





< 
| 
> 


O17; O01, Or} Or] O1ly— i Ni 


< 


s 
| 
on 
< 


“H” input current P29>~P27, P389~P37 


> 


goa Be means We ce ae a WB a 


— | 
N}ata 
> 


Vi=12V 


> 


“H” input current P&9~P6s5 Vi=5V- 






l= 
ee 
> 


on | 
| 


Vi= . 
“H” input current P54~P5 
) eee ee ee ee ee 
ly “H” input current P52/INT2, P53/INT, 
lot L” output current POg~P07, Plo~P17, P4o~P47, P5o, P5; : 
Ve=Voo—36V, Vor=Veo~36V a ae ee ee 
RAM retention voltage At clock stop_ alle 0 a ae 


Output pins open (output OFF) 

Ve=Voc, Vp=Vsg Input and 1/0 pins all at Vsg mA. 
Xin=4MHz (system operation) — : 

cae a 


Xin—Xour stop 
200 LA 


Xcin=32kHz (at system operation) all other 
conditions same as above. 
Ditto(atwaitmode) | | 
Osetaten at ppes,| Ta E tna 
(at STOP mode) 





N 




















Supply current 








FE est naan a |e OR | 77 





X;=4MHz ceramic oscillator 
_Xg=32. 768kHz quartz crystal 


C,=C,=30pF oscillator 
Ri=1M0. © 
C3=10pF 

C4=30pF 

R2=10M0 

R3=100kQ 


Output pins are open 





Fig.25 Supply current test circuit 
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TIMING REQUIREMENTS 


Single-chip MOde (Vec = 5V410%, Vsg = OV, Ta = 25°C, f (xm) = 4MHz, unless otherwise noted) 


| 


. Typ Max. 
Port P2 input set-up time - 
Port P3 input set-up time . . 1 oe 


tsu (ps5D-¢) Port P52/INT2, P53/INT, input set-up time 


Port P54—7 input set-up time 


tsu (peD-¢) Port P6 input set-up time 












Bi 
S 
- 





ie) 
SN 
oO 








oat DS) N NO} 01], RO 
. : NIEPQEM TOTS MIT MIMI INITOIN 
OLOI(a;a; Olol;alralaoalas;ao;];o 








th (¢-p2pD) Port P2 input hold time 
th (¢P3pD) Port P3 input hold time 

Port P52/INT2, P53/INT; input hold time 
‘th (¢-P5D) Port P54—7 input hold time 


Port P6 input hold time 

External clock input cycle time (Xi input) 
External clock input pulse width (Xi, input) 
External clock input cycle time (Xcin) 
External clock input pulse width (Xen) 
External clock rise time 

External clock fall time 




















Memory expanding mode and eva-chip mode 
(Voc = 5V£10%, Vss = OV, Ta = 25°C, f (xy) = 4MHz, unless otherwise noted) 


Symbol Parameter — 


i Port P2 input set-up time : : 
Port P2 input hold time 





Microprocessor mode (Vcc = 5V+10%, Vsg = OV, Ta = 25, f (xy) = 4MHz, unless otherwise noted) 


Port P2 input setup time . a 270 
Port P2 input hold time 
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SWITCHING CHARACTERISTICS 


Single-chip mode (Vcc = 5V+10%, Vss = OV, Ta = 25°, f(x,y) = 4MHz, unless otherwise noted) , 


t _p Port PO data output delay time 


td(¢-P1aQ) Port P1 data output delay time 
td(¢-P2aQ) Port P2 data output delay time 


td(¢-P3Q) Port P3 data output delay time 
td(g-p4aq) Port P4 data output delay time 








td(¢-ps5aQ) Port P5 data output delay time 











td(¢-P6a) Port P6 data output delay time 


Memory expanding mode and eva-chip mode | | 7 
(Voc = 5V110%, Vss = OV, Ta = 25C, fix,,) = 4MHz, unless otherwise noted) 

















yuan puiabaiicels 
Min. Typ. 
td(¢-Poa) Port PO address output delay time 250 ns 
td(¢-PoAF) Port PO address output delay time ; 250 ns 
td(¢-P0q) Port PO data output delay time , 200 ns 








td(¢-Ppoar) . |} Port PO data output delay time 


td(¢-P3,Q) Port P39 data output delay time 


td(¢-syncr) | SYNC signal output delay time : 












td(¢-P3,Q) Port P3, data output delay time 
Port P3, data output delay time 















td(¢-P3, QF) 












Min. Typ. 
| 


R/W signal output delay time 
SYNC signal output delay time 











Fig.26 Port P2, P3, P6 test circuit Fig.27 Port PO, P1, P4, P5 test circuit 
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TIMING DIAGRAMS 


In single-chip mode b 


td (¢—Poq) 


x 


Port PO output 


td (¢—P1Q) 


Port P1 output 


td (g—p2q) © 


x 


' Port P2 output 


< 


tsu (p20—¢) 


Port P2 input 





| th (¢—p2p) 
? td (¢—p3qQ) 
tsu (p3D—-¢) 
Port P3 input. 


th (¢—p3p) 
td (¢—P4q) 


Port P4 output 4 


\Z 








td (¢—Ps5qQ) 


4 


tsu (P5D—¢) 


Port PS output 


B. 


Port P5 input . | 
| ~th (g—psp) 





Port P6 output 


Port P6 input 





~ th (¢—pep) 
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In memory expanding mode and 


Eva-chip mode 
g 


Port PO output 


Port PO input 


Port Pl output 


Port Pl input 


Port P2 output 


Port P2 input 


Port P39 output (R/W) 


Port P3, output (SYNC) 


MS0955-XXXSP/FP/GP 


SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 





td (¢—poa) td (¢—POAF) ; td (¢—PoaF) 


> Gn). ° Gam). 







th (¢—PoD) 


td (¢—P1aF) 





td (¢—p1a) 






td (¢—-P2a) 








tsu (p20—¢) 














i th (¢—P2D) 
td (¢-R/w) “fe td (s-R/we) td (¢—Pa,QF) 
xX KK 
td (¢—P3,Q) 
td (¢-syNc) td (¢—-syNcF) =r td (¢—P3, QF) 
XK 
td (¢-P3,a) 
MITSUBISHT a ae 
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In microprocessor mode 


| Port PO output 
Port P1 output 
Port P2 output 
Port P2 input 


Port P39 output (R/W) 


Port P3, output (SYNC) 
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—td (¢—P0A) 





d (¢—p2Q) td (¢-P2aF) | 
re (DX COLX 
tsu (p20—¢) 
th (¢—P2D) 


aa (s-R/W) 


enema manne | 


Se > 
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DESCRIPTION as 

The M50930-XXXFP, M50931-XXXFP and the M50932- 
XXXFP. are single-chip microcomputers designed with 
CMOS silicon gate technology. All are housed in a 80-pin 
plastic molded QFP. These single-chip microcomputers are 
useful for business equipment and other consumer applica- 
tions. 

In addition to their simple instruction set, the ROM, RAM, 
and I/O addresses are placed on the same memory map to 
enable easy programming. 

These microcomputers are also suitable for applications 
which require controlling LCDs. 

The differences among the M50930-XXXFP, M50931- 
XXXFP and the M50932-XXXFP are noted below. The fol- 
lowing explanations apply to the M50930-XXXFP. Specifica- 
tion variations for other chips are noted accordingly. 


M50932-XXXFP only has pull-up transistor option for CNTR pin. 















DISTINCTIVE FEATURES | 
© Number of basic instructions: sss reteset 69 
@ Memory size 
ROM -:- 4096 bytes (M50930-XXXFP, M50931-XXXFP) 
8192 bytes (M50932-XXXFP) 
RAM:::::: 128 bytes (M50930-XXXFP) 
512 bytes (M50931-XXXFP, M50932-XXXFP) 
© Instruction executing time 
sees 2us (minimum instructions, at 4MHz frequency) 
® Single power supply 
(Xi) =4MHz Saiwedaig wad dares dit wASR slater ucla swe bw aver 5V+10% 
f( Xin) =IMHZ correc 2.7V < Voc = 5.5V(Typ.) 
@ Power dissipation 
normal operation mode (at 4MHz frequency) 
Relea hd lake Gog pede tine k esas ewieae a 15mW(Vec=5V, Typ.) 
low-speed operation mode (at 32kHz frequency for 


SINGLE-CHIP 8-BIT CMOS ‘MICROCOMPUTER 


M50932-XXXFP 


PIN CONFIGURATION (TOP VIEW) 





= ee ee eet Cae ee: 













ds XXX EGOS 
djXXX-LE60SWN 


Jo 
djXXxX-0€60SW 







P33/T — 
P3./INT2 = 





nN 
on 






P31/Xcin + 


Outline 80P6 


® LCD controller/driver (1/2, 1/3 bias, 1/2, 1/3, 1/4 duty) 
SEGMENT -OUITDUT**<**457 erste ecsmieer te ramen seater era etencs 32 
common output eer ere ee ee ee ee ee eer a 4 
@ Two clock generator circuits (One is for main clock, the 
other is for clock function) 


APPLICATION 





clock function) «+s 225uW (Voo=5V, Typ.) oo Sauce 
stop mode(at 25°C) sree BW (Voc=5V, Max.) unets Audio-visual equipment 
ie: Telephone 
® RAM retention voltage (stop mode) 
Seek SE aaN Oe Sa eelhd Since wa ele eg os Ri be ee. 6 wT else 20V<a Veam = 5.5V 
@ Subroutine nesting «11+ Soveteiees 64 levels (Max.) 
e Interrupt errr ere eT ee err ey 8 types, 5 vectors 
© 8-bit timers 3 (2 when used as serial |/O) 
® 16-bit timer: 1 (Two 8-bit timers make one set) 
© Programmable I/O ports 
(Port PO, P1, P2, P3) bawdy’ See chal ra te oats wilt Marea ts 8 tera avins 32 
e Input ports (Port P4) desde Aniop ie citatararetaiisln o iunetplerstaie Salat nse aiartvoresiourerele ove 8 
@ Serial |/O (8-bit) pods dag tasutesha aa Rewcaraicrales aie: ol hatin Goas ote sais Sea taeten ee Gestace sie aneiavs { 
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as mal 


~ JIMLIATA ~~ 
IHSISNSLIW. 


M50930-XXXFP BLOCK DIAGRAM 


Interrupt Reset 
Clock input Clock output ~ input input (SV) (OV) (Ov) 


Mar, i Xaye INT; - RESET Voc Vss CNVes5 





i 
Instruction 
decoder 


Control signal 




















Processor Program Program Stack 
: : ‘ Status counter counter pointer Instruction 
ay =e ae register PS(8) PCH(8) PC, (8) S (8) legiste! 







8-bit 

Arithmetic 
and logical 
unit 








RAM 
128 bytes 









Index 
register 
X (8) 







Accumulator 
A(8) 











Id 
Sein TP 
arc 


ee ae, 
Ep ES 
OOO —&- (60)-65) bb-444 b5bb-656— HOdOOKOO- QOOOOOOO boddoddd CDE NAENANGS) QLOOOOOS 


LCD data memory 


LCD controller/driver 


-— ee + 








Segment output ( output (32) Common Power supply . 1/O port P3 ” Sees port P2 1/0 port P14 7 een port PO 
SEG _ Output for LCD | 


COM 


Note 1 : Program counter PCy, is only 6 bits long. 
2 : M50932 has 8192 bytes ROM. 
3 > M50931 and M50932 have 512 bytes RAM. 


YALNdUNWODOUDIWN SOW) LIE“8 dIHO-ATINIS 


diAXXX-ce&60SIN | — 
dAXXX-TEGOSIN 'dixXX-O€60SIN 
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FUNCTIONS OF M50930-XXXFP 


Parameter 







RAM for display LCD : 16 bytes 

: . P 8-bitX1 (Port P4 are in common with SEG 

Input/output port 

LCD output 32-bitX1 

COM LCD output 4-bitx1 
Serial I/O . 8-bitX1 
| : 8-bit timerX3 (2 when serial I/O is used) 
Timers 
16-bit timerX1 (combination of two 8-bit timers) 
Duty ratio 1/2, 1/3, 1/4 duty selectable . 

LCD controller/driver 

; Segment output 32 (SEG24~SEG3; are in common with port P4) 
Subroutine-nesting 64 (max.) 

Two external interrupts, Three timer interrupts (or two timer, one serial I/O) 
Clock generating circuit Two built-in circuit (ceramic or quartz crystal oscillator). 
Supply voltage’ 2.7~5.5V (RAM retention voltage at clock stop is 2~5.5V) 

At high-speed operation Vcc=5V 15mW (at clock frequency Xiw=4MHz, typ.) 
At low-speed operation Voc=5V 225uW (at clock frequency Xcin=32kHz, typ.) 


At STOP mode _ 5uW (at clock stop, max.) 
Input/output voltage 5V ; 


lou=—2mMA (Von=3V) 

loL=10mA (Vo_=2V) 

Pull-up current : Min. —30uA, max. —140uA, typ —70uA 
(Vcoc=5V input voltage OV) 


Operating temperature range . —10~70°C 


i€p) 
mj)> 




















Power dissipation 





Input/output 
















characteristics Output current 


















80-pin plastic molded QFP 
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PIN DESCRIPTION | 


Supply voltage 


Reset input 





Clock input 





a Sleek output 


} TBF, | interap input 


al 





Input/ 
Output 





Functions 


Power supply inputs 5V+10% to Vec, and OV to Vsg. 


v 


This is usually connect to Vgs. 


To enter the reset state, the reset input pin must be kept at a “L” for more than 2us (under normal Voc 
conditions). If more time is needed for the crystal oscillator to stabilize, this “L” condition should be main- 
‘tained for the required time. 


These are I/O pins of internal clock generating circuit for main clock. To control generating frequency, an 
external ceramic or a quartz crystal oscillator is connected between the Xin and Xour pins. If an external 
clock is used, the clock source should be connected the Xjy pin and the Xour pin should be left open. 


This is the highest order interrupt input pin. 


Port PO is an 8-bit I/O port with directional registers allowing each I/O bit to be individually programmed as 
input or output. At reset, this port is set to input mode. The output structure is CMOS output. 


I/O port P1 I/O Port P1 is an 8-bit 1/O port and has basically the same functions as port PO. 


P29 P27 1/0 port P2 


P39™ P37 1/0 port P3 


P49~~P47 | Input port P4 


Voltage input for LCD 
COMo~ | Common output 
COMs3 


Segment output 





1/O 





Port P2 is an 8-bit I/O port and has basically the same functions as port PO. 

Port P3 is an 8-bit |/O port and has basically the same functions as port PO. When serial I/O is used, P37, 
P3g, P35, and P34 work as Sapy, CLK, Sout, and Sin pins, respectively. Also P33, P32, P3;, and P39 work as 
timer 3 overflow signal divided by 2 output pin (T), INT2 pin, Xcin and Xcour pins, respectively. 


Port P4 is an 8-bit input port and can be used as segment output pins. 


These are voltage input pins for LCD. Supply voltage as OVSVi;SVi2SVisSVoc. OV~Vi3 is supplied to 
LCD. 


These are LCD common output pins. At 1/2 duty, COM2 and COMs pins are not used. At 1/3 duty, COMsg is 
not used. 


These are LCD segment output pins. 





Timer 1/O 





This is an output pin for the timer 4 and 5. 
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BASIC FUNCTION BLOCKS 


MEMORY | 
A memory map for the M50930-XXXFP is shown in Figure 1. 
Address 3000, to 3FFF,, are assigned for the built-in ROM 
area which consists of 4096 bytes (Addresses 2000;, to 
3FFF,, are assigned for the built-in ROM area which con- 
sists of 8192 bytes for M50932-XXXFP). Addresses 3F00j, 
to 3FFF,, are a special address area (special page). By 
using the special page addressing mode of JSR instruction, 
subroutines addressed on this page can be called with only 
2 bytes. Addresses 3FF4,, to 3FFF,, are vector addresses 
used for the reset and interrupts (See interrupts chapter) . 


RAM 
(128 bytes) 


Zero page 
RAM 
for 
LCD 
(16 bytes) 


RAM 
(384 bytes) 
for 
M50931-XXXFP 
and 
M50932-XXXFP 


ROM 
(8192 bytes) ROM 


for (4096 bytes) 


M50932-XXXFP - Special 


for 
M50930-XXXFP page 


Not used 


Addresses 0000;, to OOFFi, are the zero page address 
area. By using zero page addressing mode, this area can 
also be accessed with 2 bytes. The use of these addressing 
methods will greatly reduce the object size required. 

The RAM, I/O port, timer, etc. addresses are already 
assigned for the zero page. Addresses 0000. to 007F,. are 
assigned for the built-in RAM which consists of 128 bytes 
(Addresses 0000;, to OO7Fy, and 0100, to 027Fi, are 
assigned for the built-in RAM which consists of 512 bytes 
for M50931-XXXFP and M50932-XXXFP). This RAM is used 
as the stack during subroutine calls and interrupts, in addi- 

tion to data storage. . | 


Decimal 
0 


Port PO 


directional | 
Port PO register 


Port P1 


directional 
Port P1 register 


Port P2 


PortP2 _ Fagigparl 


Port P3 
Pops weaure 


Port P4 


LCD mode register 


Serial |/O mode register 


Serial I/O register 
Timer 4,5 mode register 


ane for 


M50931-XXXFP sso 


Fig.1 Memory map 





qdaress 


Address H 
Address L Serial !/O 
ne _ or Timer 3 
ess ; 
Timer 2 
Address L Timer 1 
Address H 
: Address L 
Address H INT, 
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CENTRAL PROCESSING UNIT (CPU) 


The CPU consists of 6 registers and is shown in Figure 2. 


ACCUMULATOR (A) 

The 8-bit accumulator (A) is the main register of the micro- 
computer. Data operations such as data transfer, input/out- 
put, etc., is executed mainly through the accumulator. 


Accumulator 


Index register X 


7 
— 

7 

7 


15 


- : 0 
A. 
0 
X 
0 
Y | Index register Y 
0 
S 
9 
CL 


| PCH (Note) P Program counter 


Note : PC,, uses 6 bits only. 


Fig.2 Register structure 





INDEX REGISTER X (xX) 

The index register X is an 8-bit register. In the index regis- 
ter X addressing mode, the value of the OPERAND added 
to the contents of the index register X specifies the real 
address. When the T flag in the processors status register 


is set to “1”, the index register X itself becomes the © 


address for the second OPERAND. 


INDEX REGISTER Y (Y) 

The index register Y is an 8-bit register. In the index regis- 
ter Y addressing mode, the value of the OPERAND added 
to the contents of the index register Y specifies the real 
address. 


7 . 0 
wiv|rfefojitz}c| Processor status register 


Carry flag 

Zero flag 

later disable flag 
pecial mode flag 
Break flag 

Index X mode flag | 
Overflow flag 


Negative flag 
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STACK POINTER (S) 

The stack pointer is an 8-bit register that contains the 
address of the next location in the stack. It is mainly used 
during interrupts and subroutine calls. The stack pointer is 
not automatically initialized after reset and should be initial- 
ized by the program using the TXS instruction. 

When an interrupt occurs, the higher 8 bits of the program 
counter is pushed into the stack first, the stack pointer is 
decremented, and then the lower 8 bits of the program 
counter is pushed into the stack. Next the contents of the 
processor status register is pushed into the stack. When 
the return from interrupt instruction (RTI) is executed, the 
program counter and processor status register data is pop- 
ped off the stack in reverse order from above. 

The accumulator is never pushed into the stack automati- 
cally, so a Push Accumulator instruction (PHA) is provided 
to execute this function. Restoring the Accumulator to its 
previous value is accomplished by the Pop Accumulator in- 
struction (PLA). It is executed in the reverse order of the 
PHA instruction. 

The contents of the Processor Status Register (PS) are 
pushed and popped to and from the stack with the PHP 
and PLP instructions, respectively. 

During a subroutine call, only the Program Counter is 
pushed into the stack. Therefore, any registers that should 
not be destroyed should be pused into the stack manually. 
To return from a subroutine call, the RTS instruction is 
used. 


PROGRAM COUNTER (PC) 

The 16-bit program counter consists of two 8-bit registers 
PCy and PC,. The program counter is used to indicate the 
address of the next instruction to be executed. 

PCy is only 6 bits long. 


PROCESSOR STATUS REGSITER (PS) 

The 8-bit PS is composed entirely of flags used to indicate 
the condition of the processor immediately after an opera- 
tion. Branch operations can be performed by testing the 
Carry flags (C), Zero flag (Z), Overflow flag (V) or the 
Negative flag (N). Each bit of the register is explained 
below. | 


1. Carry flag (C) | 

The carry tlag contains the carry or DOoriow generated by 
the Arithmetic Logic Unit (ALU) immediately after an op- 
eration. It is also changed by the shift and rotate instruc- 
tions. The set carry (SEC) and clear carry (CLC) instruc- 
tions allow direct access for setting and clearing this flag. 


2. Zero flag (Z) | 

This flag is used to indicate if the immediate operation 
generated a zero result or not. If the result is zero, the zero 
flag will be set to “O”. If the result is not zero, the zero flag 
will be set to “1”. 


3. Interrupt disable flag (I) 


This flag is used to disable all interrupts. This is accom- 
plished by setting the flag to “1”. When an interrupt is 
accepted, this flag is automatically set to “1” to prevent 
from other interrupts until the current interrupt is completed. 
The SEI and CLI instructions are used to set and clear this 
flag, respectively. 


4. Decimal mode flag (D) 

The decimal mode flag is used to define whether addition 
and subtraction are executed in binary or decimal. lf the 
decimal mode flag is set to “1”, the operations are ex- 
ecuted in decimal, if the flag is “O”, the operations are ex- 
ecuted in binary. Decimal correction is automatically ex- 
ecuted. The SED and CLD instructions are used to set and 
clear this flag, respectively. | 


5. Break flag (B) 

When the BRK instruction is executed, the same operations 
are performed as in an interrupt. The address of the inter- 
rupt vector of the BRK instruction is the same as that of the 
lowest priority interrupt. The contents of the B flag can be 
checked to determine which condition caused the interrupt. 
If the BRK instruction caused the interrupt, the B flag will 
be “1”, otherwise, it will be “O”. 


6. Index X mode flag (T) 

When the T flag is “1”, operations between memories are 
executed directly, without passing through the accumulator. 
Operations between memories involving the accumulator 
are executed when the T flag is “0” (i.e., operation results 
between memories 1 and 2 are stored in the accumulator) . 
The address of memory 1 is specified by the contents of 
the index register X, and that of memory 2 is specified by 
the normal addressing mode. The SET and CLT instructions 
are used to set and clear the T flag, respectively. 


7. Overflow flag (V) / 

The overflow flag functions when one byte is added or sub- 
tracted as a signed binary number. When the result ex- 
ceeds +127 or —128, the overflow flag is set to “1”. When 
the BIT instruction is executed, bit 6 of the memory location 
is input to the V flag. The overflow flag is reset by the CLV 
instruction and there is no set instruction. 


8. Negative flag (N) | | 
The negative flag is set whenever the result of a data trans- 
fer or operation is negative (bit 7 is “1”). Whenever the BIT 
instruction is executed, bit 7 of the memory location is input 
to the N flag. There are no instructions for directly setting or 
resetting the N flag. 
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INTERRUPT | - 
The M50930-XXXFP can be interrupted from eight sources; 
INT,, Timer 1, Timer 2, Timer 3 or Serial 1/0, INT2 or Key on 
wake up, and BRK instruction. 
The value of bit 2 of the serial |/O register (address 00F6;,) 
determines whether the interrupt is from timer 3 or from se- 
rial 1/0. When the bit 2 is “1” the interrupt is from serial I/O, 
‘and when bit 2 is “O” the interrupt is from timer .3. Also, 
when bit 2 is “1”, parts of Port 3 are used for serial |/O. Bit 7 
of the serial |/O register determines if an interrupt is from 
INT2 or from “Key on wake up”. When bit 7 is “0”, the inter- 
rupt is from INT>. When bit 7 is “1” the interrupt is from “key 
on wake up”. “key on wake up” can only be used at power 
down by the STP or WIT instruction. These interrupts are 
vectored and thier priorities are shown in Table 1. Reset is 
included in this table since it has the same function as an 
interrupt. | | 
When an interrupt is accepted, the contents of certain reg- 
isters are pushed into specified locations, as discussed in 
the stack pointer section, and the interrupt disable flag (1) 
is set, and the program jumps to the address specified by 
the interrupt vector, and the interrupt request bit is cleared 
automatically. The Reset interrupt is the highest priority in- 
terrupt and can never be inhibited. Except for the Reset in- 
_terrupt, all interrupts are inhibited when the interrupt dis- 
able flag is set to “1”. All of the other interrupts.can further 


be controlled individually via the interrupt control register 


shown in Figure 3. An interrupt is accepted when the inter- 
rupt enable bit and the interrupt request bit are both “1” 
and the interrupt disable flag is “O”. The interrupt request 
bits are set when the following conditions occur: 


Interrupt 
request 





Fig.3 Interrupt control 


(1) When the INT, or INT, pins go from “H” to “L” 

(2) When the levels any pin of P2 goes “L” (at power down 
mode) | | 

(3) When the contents of timer 1, timer 2, timer 3 or the 
counter of serial |/O go to “0” 

These request bits can be reset by a program but can not 

be set. . 

Since the BRK instruction interrupt and the INT» interrupt 

have the same vectored address, the contents of the B flag 

must be checked to determine if the BRK _ instruction 

caused the interrupt or if INT, generated the interrupt. 


Table 1. Interrupt vector address and priority. 


Vector address 
SFFFi¢, 3FFE16, 
SFFDi6, SFFCi¢ 


__ 8FFBi6, 8FFAi6 
3FF916, 3FF81¢ 
SFF716, 3FF61¢ 
SFF516, 3FF416 





SINT; pin interrupt request bit 
Bit 6 : INT; pin interrupt enable bit 
Bit 5 : Timer 2 interrupt request bit 
Bit 4: Timer 2 interrupt enable bit 
Bit 3 : Timer 3 interrupt or serial I/O interrupt request bit 
Bit 2 : Timer 3 interrupt or serial 1/O interrupt enable bit _ 
Bit 1 : INT2 pin interrupt request bit. 
Bit 0 : INT2 pin interrupt enable bit 


Timer control register (address OOFF,.) 


Bit 7 : Timer 1 interrupt request bit 

Bit 6 : Timer 1 interrupt enable bit 

Bit5 : Timer 1 count stop bit 

Bit 4: Timer 3 count source selection bit 
Bit 3 : Timer 2 count source selection bit 
Bit 2: Timer 1 count source selection bit 
Bit1 : 


Proces i 
BitO: essor mode bit 
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TIMER 
The M50930-XXXFP has five timers; timer 1, timer 2, timer 
3, timer 4 and timer 5. Timer 3 cannot be used when serial 


I/O is used (see serial I/O section). The count source for ~ 


each timer can be selected by using bit 2, 3 and 4 of the 
timer control register (address OOFF,,¢), as shown in Figure 
4. : 
A block diagram of timer 1 through 5 is shown in Figure 6. 
All of the timers are down count timers and have 8-bit 
latches. When a timer reaches “0” and the next count pulse 
is input to a timer, the contents of the reload latch are 
loaded into the timer. The division ratio of the timers is 1/(n 
+1), where n is the contents of timer latch. 
The timer interrupt request bit is set at the next count pulse 
after the timer reaches “0”. The interrupt and timer control 
registers are located at addresses OOFE;, and OOFFig, re- 
spectively (see Interrupt section). The starting and stop- 
ping of timer 1 is controlled by bit 5 of the timer control reg- 
ister. If bit 5 (address OOFF,,) is “0”, the timer starts count- 
ing. When bit 5 is “1”, the timer stops. 

After a STP instruction is executed, timer 2, timer 1, and the 

clock (¢ divided by 4) are connected in series (regardless 

of the status of bit 2 through 4 of the timer control register). 

This state is canceled if timer 2 interrupt request bit is set 

to “1”, or if the system is reset. Before the STP instruction 

is executed, bit 5 of the timer control register (timer 1, 

count stop bit), bit 6 of the timer control register (timer 1 in- 

terrupt enable bit), and bit 4 of interrupt contro! register 

(timer 2 interrupt enable bit) must be set to “0”. For more 

details on the STP instruction, refer to the oscillation circuit 

section. 

TIMER 4 AND TIMER 5 MODES 

(1) Timer Mode (00). 

The internal clock divided by 4 is counted. When the 
timer counts to “OQ”, the interrupt request bit is set to 
“1”, the contents of the timer latch is reloaded, and the 
counting starts again. 

(2) Pulse Output Mode (01). | : 
The output level of the CNTR pin inverts each time the 
timer contents to zero. 

(3) Event Counter Mode (10). 

The same function is executed as that of mode “00”, 
except that the counting source is input from the CNTR 
pin. The count decremented each time the CNTR input 
gces from “L” to “H”. 

(4) Pulse Width Measurement Mode (11). 

This mode is used to measure the pulse width of a sig- 
nal (between “L”s) input into the CNTR pin. The count- 
ing is done using the oscillation frequency divided by 4, 
and only while the CNTR pin is at a low level. When 
the contents of the counter reaches zero, the timer 5 
overflow flag is set to “1”, the timer is reloaded from 
the reload latch, and counting starts again. The over- 
flow flag can be reset by writing a “O” to bit 7 of 
address O0F8,,. The structure of timer 4, 5 mode regis- 
ter is shown.in Figure 5. 
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7 0 
Timer control register 
PEE TLE Le. (address OOFF,6) © 


Processor mode bit 
00 : Single-chip mode 
01 : Memory expanding mode 
10 : Microprocessor mode 
11° Not used 


Timer 1 count source selection bit 
0: ddivided by 4 
1: Timer for clock (Xcin) 


Timer 2 count source selection bit 


0: Timer 1 overflow 
1 : Timer for clock (Xin) 


Timer 3 count source selection bit 
0: ddivided by 4 
1: Timer 2 overflow 


Timer 1 count stop bit 
0 : Count start 
1 : Count stop 


Timer 1 interrupt enable bit 
0 : Interrupt inhibit 
1 : Interrupt enable 


Timer 1 interrupt request bit 
0 : No interrupt request 
1 : With interrupt request 





Fig.4 Structure of timer contro! register 


Timer 4, 5 
mode register 
(address 00F8,¢) 


CNTR input level 
0: at “L” level 
1: at “H” level 
INT, input level 
0: at “L” level 
1: at“H” level 


Timer 4, 5 mode bit 
00 : Timer mode 

01 : Pulse output mode 
10 : Event counter mode 
11 : Pulse width measurement. mode 


Timer 4, 5 count stop bit 


0 : Count start 
1° Count stop 


Timer 5 overflow bit 


0: No timer 5 overflow 
1 : With timer 5 overflow 


Fig.5 Structure of timer 4,5 mode register 
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Data bus 


ce) Timer 1 latch (8) 


Xcin : " 8 
Oppo 







Timer 1 interrupt 
request bit 




















Xin LM; 
$ =1(Xen)/2 pear 
or 
(Xin) /4 
Timer 2 interrupt 
request bit 
Timer 3 latch (8) 
OM > Timers ial 1/O 
| imer 3 or seria 
i) Timer 3 (8) , interrupt request bit 
TM, 
P33 latch | 
. | 1/2 
| SM;, SMo 
@ <1 a 
P33/T SM, O01 | Ext. clock 
CLK 10: 1/2 Timer 3 
CO) 


P3, 





Serial 1/O 
counter (3) 


: Timer 4, 5 mode register (address 00F8,,) 
TM : Timer control register (address OOFF1¢) 
SM : Serial I/O mode register (address 00F6,¢) 
LM : LCD mode register (address 00F5,,) 


Select gate : at reset, 
shaded side is connected. 


is 
OVF | 
as) Ke een 
a TEs 


P3,/INT2 





INT> 


Fig.6 Block diagram of timers 1 through 5 
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PORT P3,/TIMER 3 OUTPUT 

The signal that timer 3 is divided by 2 is output from P3, 
(T), at the contents of bit 4 of the serial |/O mode register 
(address O00F6,,) is “1”. 


WATCHDOG TIMER FUNCTION 

Timer 4 and 5 can be used as a watchdog timer by con- 

necting the CNTR pin and the RESET pin as shown in Fig- 

ure 7, and by setting bit 4 and 5 of address O0F8;, to 01. At 
this time the output of the 1/2 divider counter (connected to 

timer 5) is initialized to “1” when data is written to timer 5. 

After a delay of 2.5 to 3.0us (at f(X,y) =4MHz) after the re- 

set is input, bits 4, 5, and 6 of the timer 4,5 mode register 

are initialized to 0. The initialization program to set the 
watchdog timer mode should have the following sequence: 

(1) Set the pulse output mode after writing a value to timer 
4 and 5 registers. 

(2) If the program is running’ correctly, the CNTR pin 
should never go low due to data being continuously 
written to timer 5. If the program sequence is inter- 
rupted, timer 5 will overflow and the CNTR pin will out- 
put a “L” and retain this value until the Reset is ex- 
ecuted. 

(3) 2.5 to3.5us (at f(X:n)=4MHz) after a reset, the CNTR 
pin will be in high impedance state. 


M50930-XXXFP 


CNTR "RESET 


C and D are for power-on reset. 





Fig.7 Reset circuit with the watchdog timer 
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SERIAL //O | | | 
The block diagram of serial I/O is shown in Figure 8. In the 
serial |/O mode the receive ready signal (Sppy), synchro- 
nous input/output clock (CLK), and the serial 1/O (Sour, 
Sin) pins are used as P37, P3g, P3s, and P34, respectively. - 
The serial |/O mode register (address 00F6,,) is an 8-bit 
register. Bit 0 and 1 of. this register is used to select a syn- 
chronous clock source. When these bits are (00) or (01), 
an external clock from P3g, is selected. When these bits are 
(10), the overflow signal divided by two from timer 3 be- 
comes the synchronous clock. Therefore, changing the tim- 
er period will change the transfer speed. When the bits are 


Divider | 
Internal 
clock 1/4 


(11), the internal clock ¢ divided by 4 (ie. 4us at 4MHz) 

becomes the clock. 

Bits 2 and 3 decide whether parts of P3 will be used as a 

serial I/O or not. When bit 2 is “1”, P38, becomes an I/O pin 

of the synchronous clock. When an internal synchronous 

clock is selected, the clock.is output from P3.. If the exter- 

nal synchronous clock is selected, the clock is input to Pe. . 


~ And P38, will be a serial output and P3, will be a serial in- | 


put. To use P3, as a serial input, set the directional register 
bit which corresponds to P3,, to “O”. For more information. 
on the directional register, refer to the I/O pin section. 


- To use the serial I/O, bit 2 needs to be set to “1”, if it-is “O” 


from internal clock 
divided by 4 or 


Timer 2 
© 


Prescaler 


2 }-— > 


as Serial |/O counter (3) : ft -:) 


Transfer clock 


Timer 3 (8) 
(address 00FB;.) 


to timer 3 or 
serial |/O 
interrupt 
request bit 


ee MSB Serial I/O register (8) LSB : 


address 0OF71s) 1 | 


Data bus 


INT> source selection bit (at STP/WIT) 
0: P38, (INT>) . 
1: P29~P2; (key on wake up) 


Unsystem clock operation bit 
0: HALT 
_ 1: Operation 


Timer for clock port selection bit (P39, P3;) 
0 : P39, P3, (normal I/O port) 


1° Xow, Xcout 


Output of clock port selection bit (P33) 
0 : P33 (nomal I/O port) 
heey. 


Fig.8 Block diagram of serial 1/O 





Py fT dod dt Serial |1/O mode register 
fea (address OOF6,,) 


a Synchronous Clock selection bit 


af ; External clock 


10 : Timer 3 overflow signal divided by 2 
11: Timing ¢ divided by 4 


Serial I/O port selection bit (P35, P3,) 
0 : Normal !/O port 
1 = Serial I/O port 


Srpy signal output selection bit (P3,) 
Q : Normal I/O port 
1 © Spapy signal output pin 
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P3. will function as a normal I/O. Interrupts will be gener- 
ated from the serial !/O counter instead of timer 3. Bit 3 de- 
termines if P37 is used as an output pin for the receive data 
ready signal (bit 3=“1”, Sapy) or used as a nomal 1/O pin 
(bit 3=“0"). | 

The function of serial 1/O ditfers depending on the clock 
source: external clock or internal clock. 

Internal clock—The Gane signal becomes “H” during trans- 


mission or while dummy data is stored in the serial |/O reg- 


ister. After the falling edge of write signal, the Sapy signal 


becomes low signaling that the M50930-XXXFP is ready to 


receive the external serial data. The Srapy signal goes “H” 
at the next falling edge of the transfer clock. The serial !/O 
counter is set to 7 when data is stored in the serial I/O reg- 
ister. At each falling edge of the transfer clock, serial data 


is output to P35. During the rising edge of this clock, data . 


can be input from P38, and the data in the serial I/O register 
will be shifted 1 bit. Data is output starting with the LSB. Af- 


ter the transfer clock has counted 8 times, the serial !/O 
register will be empty and the transfer clock will remain at 
a high level. At this time the interrupt request bit will be 
set. 

External Clock — If an external clock is used, the interrupt 
request bit will be set after:the transfer clock has counted 8 
times but the transfer clock will not stop. Due to this 
reason, the external clock must be controlled from the out- 


_ side. The external clock should not exceed 250kHz at a 


duty cycle of 50%. 

Timing diagrams are shown in Figure 9, and connection be- 
tween two M50930-XXXFPs’ are shown in Figure 10. When 
using an external clock for transfer, the external clock must 
be held at “H” level when the serial |/O counter is initial- 
ized. When switching between the internal clock and exter- 
nal clock, the switching must not be performed during 
transfer. Also, the serial |1/O counter must be initialized after 
switching. 


Transfer clock 


Serial I/O register write 
signal 


Serial 1/O output 


Serial 1/O input 


Receivable signal 


Fig.9 Serial I/O timing 


Sending side 
Serial 1/O mode register 


bit3 bit 0 


et the directicnal 
register for P37 pin 
in input mode. 


P35 Serial data 


Fig.10 Example of serial 1/O connection 





P3— Synchronous clock P3, 





| 
| 
| 
| 
! 
Sour | KP KO NPL Po Ke KOs X_O2 KL 
cs | 

| 

| 


Sroy | : | 


Interrupt request bit set 


Receiving side 
Serial |1/O mode register 
bit 3 bit 0 


aa ae 


Set the directional 
register for P3, pin 
in input mode. 


P3, 
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LCD CONTROLLER/DRIVER , 

The M50930-XXXFP has internal LCD controllers and driv- 
ers. A Block diagram -of LCD circuit is shown in Figure 13. 
The terminals for LCD consist of 4 common-pin and 32 seg- 
ments pin. SEGo4 ~~ SEG3; are in common with input P4. 


-These pins are selected by bit 4 of the LCD mode register . 


(LM,, address 00F5,,). Two biases (1/2 and 1/3) can also 
be selected. When bit 2 of the LCD mode register is “1”, 1/ 
2 bias is selected. When bit 2 is “0”, 1/3 bias is selected. A 


1/2, 1/3, or 1/4 duty cycle can also be selected. When bits . 


O and 1 of the LCD mode register (LMo, LM,) is n, the duty 
ratio is 1/(n+1). 

Address. 00D0;5~ OODFi, is the designated RAM for. the 
LCD display. When 1s’ are written to these addresses, the 
corresponding segments of the LCD display panel are 
turned on. A map of the LCD display RAM is shown in Fig- 
ure 12. 


LCD mode register 
(address 00F5;,¢) 


7. 6.5 4 3.2). TO 


Duty ratio selection bit 
01 : 1/2 duty 
0: 1/3 duty 
1: 1/4 duty 


Bias selection bit 
0: 1/3 bias 
1: 1/2 bias 


LCD turn on bit 
0: Off 
1: On 


P4/LCD segment selection 
bit 


0: P4~ P4; (input port) 
i SEG24~SEGs; 
(segment output) 


Xout/SYNC séleciien bit 
0: Xour 
1: SYNC 


Xcour drive ability selection 
0: High bit 
1 > Low 


System clock ¢ selection bit 
0: X/4 
1 Xo/2 _ 





Fig.11 Structure of LCD mode register © 


as en Sc 
eae a OI ee 
i De =a Fa ee 
Ce a ee ee eee ae 
Oa Oe es) ee ee 
eae ema ae ik to: | modi a0 
{be | 13 | 13 | 13 | 13 | 12 | 12 | 12 | 12 | 
(ia a ee 
foie AT Ae oe ee 1G. 16 16 | 
| oo | 19 | 19 | ig | 19 | 18 | ie | 18 | 18 | 
a | 2 
| ba | 23 
DG | 25. | 25 | 25. 24° | 24 | 24 | 
ee a ee 
[oF | 31 | 31 | 


The ON/OFF function for the LCD controller is controlled 
by bit 3 of the LCD mode register (LM3). When this bit is 
“{” all the segments of the LCD are turned on. When this 
bit is “O” all the segments are turned off. 

When a 1/2 bias is used, Vi; and Vi. should be shorted 
together. An example circuit for each bias is shown in Fig- 
ure 14. Also Figure 15 shows an example of 1/2 bias, 1/4 


‘duty drive waveforms and resulting voltage differential be- 


tween SEGp and COMp and Figure 16 shows cempps of 
drive waveforms for each bias and duty. 

The LCDCK timing frequency (LCD driver timing) is gener- 
ated internally and the frame frequency can be determined 
au the following equation: 

(frequency of timer 1 Sein source) 


(LCDCK)= ((timer 1 setting+1) x4) 


f(LCDCK 
Sev eR: at 1/n duty 


Address 


Frame frequency= 













* Number in data memory area indicates corresponding segment. 


Fig. 12 Map of RAM for LCD segment 
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Segment | ‘Segment Segment | Segment 172, 1/3 Common driver 
driver | driver driver driver Bias controller 
SEG3p SEG3, ; Vit Vi2 Lis COM, COM, : COM> COM3 
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1/3 bias 1/2 bias 


Contrast . Contrast 
control ; control 


Vr Ve 


R 
1 R, 


Ro © 





Fig.14 Example of circuit at 1/3 bias, 1/2 bias 


LCDCK timing of 
internal logic 


Voltage level 
Pin output level. Vis =Vico) 


COM, 


Voltage diffrential 
(SEGp)—(COM)) 


(SEGn)—(COM,) 





Fig.15 Example of 1/2 bias, 1/4 duty waveforms and resulting voltage differential between SEGp and COMp. 
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Maximum 
number 


of display 
segments 





Display pattern | 1/2 bias . 1/3 bias 
’ ) _{JLCDCK timing 4p LJ L_]_-([LCDCK timing LL ST LI 
Connection | of internal logic of internal logic . 
<> 
<—_——> <—_> ~OTr ~ <= 
128(32 segments X 4 commons) | 
(16 digits max. in the above panel) 
<> <—> | . 
COMs3 : No connection 
96(32 segmentsX3 commons) . 
(10 digits max. in the above panel) | 


SEGp 


COM2, COM; : No connection 


64(32 segments 2 commons) | 


(8 digits max. in the above panel) 


Example of drive waveforms for each bias and duty 
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KEY ON WAKE UP 

“Key on wake up” is one way of returning from a power 

_ down state caused by the STP or WIT instruction. If any ter- 
“minal of port P2 has a “L” level applied, after bit 7 of the 
serial |/O mode register (SM7) is set to “1”, an interrupt is 
generated and the microcomputer is returned to the nomal 
operatinge state. As shown in Figure 17, a key matrix can 
be connected to port P2 and the microcomputer can be re- 
turned to a normal state by pushing any key. 


Port P32 


directional register 
) | Note 1) 
P3,/INTs | : 


© IZ) 


CPU stop state signal 


Port P27 
directional 
register 


2D 
! 
| 
| 


Port P2, 
(Note 1) 


> 


Port P29 


directional register 


Port PXx 
“L” level output 


directional regiter 





The key on wake up interrupt is common with the INT» in- 
terrupt. When SM; is set to “1”, the key on wake up func- 
tion is selected. However, key on wake up cannot be used 
in the normal operating state. When the microcomputer is in 
the normal operating state, both key on wake up and INT>2 
are invalid. 

In order to enter the power down siete generated by the 
STP or WIT instruction at the interrupt disable flag (1) is “O” 
and SM; is “1”, all of port P2 must be input “H”. 





Port P3. data read circuit 


INT. interrupt 


request signal , 


Port P2 data read circuit 


Note 1 : Pull-up transistor (mask option) 


Fig.17 Block diagram of port P2 and P32, and example of wired at used key on wake up 
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RESET CIRCUIT 

The M50930-XXXFP is reset according to the sequence 
shown in Figure 20. It starts the program from the address 
formed by using the content of address 3FFFi, as the high 
order address and the content of the address 3FFE,. as the 
low order address, when the RESET pin is held at “L” level 
for at least 8 rising edges from X,y while the power voltage 


Address 


Port PO directional register (E116) 0016 


is in the recommended operating condition and the crystal 
oscillator oscillation is stable and then returned to “H” level. » 
The internal initializations following reset are shown in Fig- 
ure 18. , : - 

An example of the reset circuit is shown in Figure 19. 

When the power on reset is used, the RESET pin must be 
held “L” until the oscillation of X;y-Xoyr becomes stable. 


Port P1 directional register 
Port P2 directional register 
Port P3 directional register 
LCD mode register 


Serial 1/O mode register 
Timer 4, 5 mode register 


Interrupt control register 


(E316) 
(E516) 


E916) 

FO46 

F616 

LOvojojo) | } || 


M50930-XXXFP 


( 
(F546) 
(F616) 
(F816) 
(FE,,6) 
Timer control register (FFi5) 
) 


Interrupt disable flag for processor (PS 
status register 


Contents of address 


Program counter (PCy) 3FFF ig 


Contents of address 


(PC_) SFFE46 


Since the contents of both registers other than those listed 
above (including timers and the serial I/O register) and the 
RAM are undefined at reset, it is necessary to set initial 
values. . 


Fig.18 Internal state of microcomputer at reset 


(XW) 
¢ 
RESET 


Internal 
RESET 


SYNC 


Address 


Data 





8~12 clock cycles 








Fig.19 Example of reset circuit 


X00, S X00, S-1 X00, S-2 XSFFE X SFFF MADz, ADS 
) Se 2 Sena 2 Say Say Se | 


? 
(2? X 2 KPCH) (PCL XK PS W ADL  ADn ) 


“— Reset address from the 
vector table 


Van 


Note 1: Frequency relation of f(Xin) and gis f(Xiw) =4°¢. 
Note 2: The mark “?” means that the address is changeable depending upon the previous state. 


Fig.20 Timing diagram at reset 
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~O PORTS 


(1) 


-address 00E0jg. 


Port PO . 

Port PO is an 8-bit I/O port with CMOS outputs and 
pull-up transistor options available. As shown in Figure 
1, PO can be accessed as memory through zero page 


each bit to be programmed individually as input or out- 
put. The directional register (zero page address 
00E1,,) can be programmed as input with “O”, or as 
output with “1”. When in the output mode, the data to 
be output is latched to the port register and output. 
When data is read from the output port, the output pin 
level is not read, only the latched data of the port reg- 
ister is read. Therefore, a previously output value can 
be read correctly even though the output voltage level 
has been shifted up or down. Port pins set as input are 
in the high impedance state so the signal level can be 
read. When data is written into the input port, the data 
is latched only to the output register and the pin still 
remains in the high impedance state. 

Depending on the status of the processor status bits 
(bit O and bit 1 of address OOFF,,), three different mod- 
es can be selected; single-chip mode, memory ex- 


panding mode and microprocessor mode. For more de- . 


tails, refer to the timing diagram shown in Figure 24. 
Port P1 

In the single chip mode, Port P1 has the same function 
as PO. In the other modes, P1’s functions are slightly 
different from PO’s. For more details, see the processor 
mode information. 

Port P2 

In the single-chip mode, P2 has the same function as 
PQ. In the other modes, P2’s functions are slightly diffe- 


~ rent from PO’s. For more details, see the processor 


mode information. Following the execution of STP or 
WIT instruction, P2 can be used to generate the “wake 
up mode”. This mode is used to bring the microcompu- 


_ ter back in its normal operating meee after being in the 


power- down mode. 
Port P3 


_ Port P3 has the same functions as PO except that part 


of P3 is common with the serial I/O lines (ie. output of 
timer 3, input/output of timer clock, and temo input). 
Segment Output (SEGp~SEGo3) 

These ports drive and control the LCD segments. 

Port P4 

Port P4 is an 8-bit input port which can be used asa 
LCD segment output port. 

Common output (COMo~COMs) 

These port provides output drive and control for the 
LCD common lines. | 


- Power Supply for LCD. (V,;~Vi3) 


Supplies power to the LCD terminals. 
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Port PO’s directional register allows | 


(9) 


INT, 

The INT, pin is an interrupt input pin. The INT, inter- 
rupt request bit (bit 7 of address OOFE;,¢) is set to “1” 
when the input level of this pin changes from “H” to 
“L". This input level is read into bit 1 of the timer 4 and 
5 mode register (address 00F8,,). 

INT> (INT>/P35) 

The INT» pin is an interrupt input pin common with Pp. 
When P3,’s directional register is set for input (“0”) , 














~ this pin can be used as an interrupt input. The INT» in- 


terrupt request bit (bit 1 of address OOFE;,¢) is automati- 
cally set to “1” when the input level of this pin changes 
from a = ba to ae : 


_ CNTR 


The CNTR pin is an !/O pin of timers 4 and 5. The iAput 
level is read into bit 0 of the timer 4 and 5’s mode regis- 
ter (address 00F8,.). 


\ 
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Ports PO, P1 Vec Vee 


Directional 
register 


Port latch 












Tr1 (mask option) 


Saabs Ports PO, P1 





Ports P2, P3, 








Tr2 (mask option) 


Directional! 
: a 


r—< 
- = . 


Data bus Ports P2, P3. 


4 
Tr2 is pull-up transistor (mask option) 


Voc Voc 
J -| . 
bo °Tr3 


Vss 


Interrupt control circuit 


Ports P3p, P3;, P33, P34, P3s, P3, _ 







Directional 
-_ register ; 
rascal 
Port latch 








Ports P35, P3;, P33, 
P34, P35, P37 


Data bus 


Tr3 is pull-up transistor (mask option) 


Fig.21 Block diagram of ports PO~P3 
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S, 
—— Vise Vee 
CMOS output 
ages _ } Mask option 
N-channel open drain output Gy © 
Directional | [? Vss Ts 
|p Vec 
| V/ | 4 | 
Y , 
Zi oe Tr4 (mask option) 
Vss 
; | S 


Port P35 
Data bus Port latch ean 


4 ; Vss 


4 


Tr4 is pull-up transistor (mask option) 


Tr5 is.P-channel output transistor (mask option) 


Port P4(SEGo,~SEG3,) 












Vis | 
ae = —— i _ Vec 
ee $ 
Tr6 (mask option) 
~LM4 





CNTR 
Timer contro! 
Circuit and 
- Timer 4,5 al 
. Tr6 is pull-up transistor (mask option only for M50932-XXXFP) 
INT, 


Interrupt control circuit 


Fig.22 Block diagram of ports P3, P4, CNTR, and INT, 
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PROCESSOR MODE 

By changing the contents of the processor mode bit (bit 0 
and 1 of address OOFF,,), three different operation modes 
can be selected; single-chip mode, memory expanding 
mode and microprocessor mode. In the memory expanding 
mode and microprocessor mode, ports PO~P2 can be used 
as multiplexed I/O for address, data and control signals, as 
well as the normal functions of the I/O ports. The function 
of the Xour pin can also be changed. For more details see 
Figure 24. 

The memory map of the single-chip mode is illustrated in 
Figure 1, and the other modes are shown in Figure 23. By 
connecting the CNVssg to Vss, all three modes can be 
selected through software by changing the processor mode 
register. Connecting CNVsg to Voc automatically forces the 
microcomputer into microprocessor mode. The three diffe- 
rent modes are explained as follows:. 


Internal 
ROM 


(Note 2) 


Memory expanding Microprocessor 
mode mode 

: In case of M50931-XXXFP and M50932 -XXXFP, 
the address 0100,,.~027F,, 384 bytes are also in- 
ternal RAM area. 
The shaded area is external memory area. 
In case of M50932-XXXFP, the internal ROM area 
is the contiguous block from 2000;, to 3FFFi.. 





Fig.23 External memory area in processor mode 


(1) Single-chip mode (00) 


The microcomputer will automatically be in the single- 
chip mode when started from reset, if CNVss is con- 
nected to Vss. Ports PO ~ P2 will work as original I/O 
ports. 
(2) Memory expanding mode (01) 
The microcomputer will be changed to the memory ex- 
panding mode if CNVss is connected to Vss and the 
processor mode bits are set to “01”. This mode is used 
to add external memory when the internal memory is 
not sufficient. Ports PO and P1 are used as address 
output with the original 1/O function lost. Port P2 is used 
as D7~ Do data I/O with the original |/O function lost. 
Port P17 and P1, works as R/W and ¢. 
(3) Microprocessor mode [10]. 

,After connecting CNVss to Vcc and initiating a reset, 
the microcomputer will automatically default to this 
mode. This mode is the same as the memory expand- 
ing mode except that the internal ROM is disable and 
external ROM is needed. The relationship between the 
input level of the CNVss and the processor mode is 
shown in Table 2. 

The SYNC signal is output from the Xoy7 pin in every 
mode except the single-chip mode, when 10V is sup- 
plied to the RESET pin or when bit 5 of the LCD mode 
register is set to “1”. The SYNC signal becomes a syn- 
chronous signal that goes to “H” level while the Op 
code is being fetched. When the SYNC output signal is 
selected, the original function of the Xouyrz pin is lost. In 
addition, if LM7=1 and SMg=0, the SYNC signal is not 
output from the Xoyr pin. 








) MITSUBISHI 
ELECTRIC 


2207 


MITSUBISHI MICROCOMPUTERS 


M50930-XXXFP,M50931-XXXFP 
M50932-XXXFP 


SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 
















Microprocessor 







Single-chip mode Memory expanding mode 






Ports P0;~P0, 


x 1/O port 
Jo LY 


Ports P1s~P1, 


x —VOpot |” 
‘So L_J 


Ports P27~P2) 
Datal/Opot j= [| peewee 


&(P1g) | | | | 


mode 
Ports PO7~P0 


Same as left 
| Address A7~Ao 


¢(P1.) | | | 
Ports P1-~P1, | ' Same as left 
Address Ai3~Ags 

$ (Pig) | | | 
Ports P2,~P2, Same as left 


Data 
Same as left 

















Port P1 


lower 6 Bits 
























Port P2 












Ports P17, P1, 


x I/O port 


Port P1 
higher 2 bits 





aire) | | 


Xour. 





SYNC (Note 1) 


Fig.24 Processor mode and functions of ports PO~P2 and Xour 


Note 1: In order to use Xoyz pin as SYNC output, put RESET to 10V or set bit 5 of the address OOF5;¢ to “1”. 
When LM7=1 and SMs~0, Xour does not output SYNC. 


Table 2 - Relationship between CNVss pin input level and processor mode 








Explanation 














* Single-chip mode The single-chip mode is set by the reset. 
All modes can be selected by changing the processor mode bit with the program. 
| ‘ 





* Memory expanding mode 
¢ Microprocessor mode 


¢ Microprocessor mode: 





The microprocessor mode is set by the reset. 





: | | | MITSUBISHI 
oe | ELECTRIC 


M50930-XXXFP,M50931-XXXFP 


MITSUBISHI MICROCOMPUTERS 


MS0932-XXXFP 





SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 





CLOCK GENERATING CIRCUIT 

The M50930-XXXFP has two internal clock generating cir- 
cuit. Figure 27 shows a.block diagram of the clock generat- 
ing circuit. Normally, the frequency applied to the clock in- 
put pin X;, divided by four is used as the internal clock 
(timing output) ¢. Bit 7 of LCD mode register can be used 
to switch the internal clock ¢to 1/2 the frequency applied 
to the clock input pin Xen. 

Figure 25 shows a circuit example using a ceramic (or crys- 
tal) oscillator. Use the manufacture’s recommended values 
for constants such as capacitance which will differ depend- 
ing on each oscillator. When using an external clock signal, 
input form the Xin(Xcin) pin and leave the Xoyt(Xcour) pin 
open. A circuit example is shown in Figure 26. 

The M50930-XXXFP has two low power dissipation modes; 
stop and wait. The microcomputer enters a stop mode 
when the STP instruction is executed. The oscillator (both 
Xin Clock and Xciy clock) stops with the internal clock ¢ 
held at “H” level. In this case timer 1 and timer 2 are forc- 
ibly connected and ¢/4 is selected as timer 1 input. Before 
executing the STP instruction, appropriate values must be 
set in timer 1 and timer 2 to enable the oscillator to stabil- 
‘ize when restarting oscillation. Before executing the STP 
instruction, the timer 1 count stop bit must be set to supply 
(“O”), timer 1 interrupt enable bit and timer 2 interrupt en- 
able bit must be set to disable (“0”), and timer 2 interrupt 
request bit must be set to no request (“0”). 

Oscillation is resarted (release the stop mode) when INT;, 
INTs, or serial 1/O interrupt is received. The interrupt en- 
able bit of the interrupt used to release the stop mode must 
be set to “1”. When restarting oscillation with an interrupt, 
the internal clock ¢ is held “H” until timer 2 overflows and 
is not supplied to the CPU. When oscillation is restarted by 
reset, “L” level must be kept to the RESET pin until the 
oscillattion stabilizes because no wait time is generated. 
The microcomputer enters a wait mode when the WIT in- 
struction is executed. The internal clock ¢ stops at “H” 
level, but the oscillator does not stop. ¢ is re-supplied (wait 
mode release) when the microcomputer is reset or when it 
receives an interrupt. Instructions can be executed im- 
mediately because the oscillator is not stopped. The inter- 
rupt enable bit of the interrupt used to reset the wait mode 
must be set to “1” before executing the WIT instruction. 
Low power dissipation operation is also achieved when the 
Xiw Clock is stonned and the internal clock 4 is generated 
from the Xcin clock (454A Typ. at f(X¢oinj)=32KHZ). Xiqy clock 
oscillation is stopped when the bit 6 of LCD mode register 
(address OQOF6,,) is set and restarted when it is cleared. 
However, the wait time until the oscillation stabilizes must 
be generated with a program when restarting. An “L” level 
must be kept to the RESET pin until the oscillation stabil- 
izes when resetting while the Xi, clock is stopped. Figure 
28 shows the transition of states for the system clock. 











M50930-XXXFP 


Xcin 


se Pl Pi. a 


Fig.25 External ceramic resonator circuit 


M50930-XXXFP 


Xcout 
26 


External OPEN 
oscillating 


circuit or 
external pulses 


Vss Vss 


Xin Xcout | Xcin 


External OPEN 
oscillating 
circuit 


Fig.26 External clock input circuit 
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Xcin Xcour 


SMe 
LM, 





Timer 1 Timer 2 












Internal system 
clock source 
selection LM, 


Unsystem clock 
operation SMe. 










count source 
selection TM. 









Timing ¢ - 
(Internal clock) 


WIT R 


STP instruction 


instruction 


STP 
instruction 


C | Reset 


O— Interrupt INT, interrupt enable 
disable INT, interrupt request 
flag | . 


Timer 1 interrupt enable 
Timer 1 interrupt request 


Timer 2 interrupt enable 
Timer 2 interrupt request 


Timer 3 interrupt enable 
(or serial I/O) 

Timer 3 interrupt request 
(or serial I/O) 

INT2 interrupt enable 
INT> interrupt request 





AAAHAQ 


Fig.27 Block diagram of clock generating circuit 
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4MHz oscillation 

32kHz oscillation stop 
¢ =stop 

Timers, LCD action 












4MHz oscillation 

32kHz oscillation 
¢ =stop 

Timers, LCD action 





4MHz oscillation 

32kHz oscillation 
¢ =stop ~ 

Timers, LCD action 






4MHz stop 
32kHz oscillation 







¢ =stop 
Timers, LCD action 


ee 











WIT instruction 4MHz oscillation stop 


4MHz oscillation . STP instruction 






32kHz stop ae 
P35, P3, Input Interrupt (Note 1) 32kHz oscillation stop 
Interrupt p26 
6 =1MHz P 
External 
External interrupt 
interrupt Serial 1/O 
Serial |/O interrupt 
interrupt Key on 
Timer interrupt SMs=1 SMs=0 wake up 
Key on (Note 2) SM,=0 
wake up SM,=1 






WIT instruction 
STP instruction 


4MHz oscillation 
32kHz oscillation 








4MHz oscillation stop 


Interrupt 32kHz oscillation stop 


Interrupt ¢ =1MHz ¢ =stop 





(LMe=1 ) 
LM7=1 LM;= 


WIT instruction 






STP instruction 4MHz oscillation stop 





4MHz oscillation 
32kHz oscillation 
¢ =16kKHz 


Interrupt 32kHz oscillation stop 


? =stop 
Interrupt 





SM,=0 SM.e=1 (Note 2) 







WIT instruction Pa 
STP instruction 4MHz oscillation stop 


SS 





4MHz oscillation stop 


i | 2kH iation st 
32kHz oscillation 32kHz oscillation stop 


¢=16kHz @ =stop 


Interrupt 
Interrupt 


Note 1 : At the end of STP instruction, wait time occurs automatically by connection of timers 1 and 2 and changing sys- 
tem clock. This time is set by program. . 
2 : When SMg=1 and unsystem clock is operated, wait time necessary by program until oscillation becomes 
stable. 
The case of example clock X=4MHz, clock Xc=32kHz. 





Fig.28 Transition of states for the system clock 
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_<An example of flow for system> 


Power on Reset 
Clock X oscillation 
Internal system clock start (X -+-1/4— ¢) 


Program start from RESET vectorsrrrsreeeees Xc oscillation(SMs= 1, SMg= 1 ) 


Normal program *-Operating at 4 MHz 


Clock for clock function Xc power down (LM, : O— 1 ) 


Normal operation 


‘i 


Internal clock ¢ source switching —X(4 MHz)—Xerk(32. 768kHz)(LM7 > 0-1 ) 
Clock X halt(Xc in operation) (SM, : 0 ) | | 

- Internal clock aa instruction) 
Timer 1 (clock i Ua 


Internal clock operation start (WIT instruction released) 


Clock processing routine + Operating at 32. 768kKHz 


Operation on the clock function only 


| 


Internal clock halt (WIT instruction) 

Interrupts from INTj, timer 2, timer 3 or serial I/O, INTo, Key on wake up ss 
Internal clock operation start (WIT instruction released) 

Program start from interrupt vector 


Unsystem clock X oscillation start (SM, : 1 ) 
Oscillation rise time routine (software) Operating at 32. 768kHz 


Internal clock ¢ source switching (XoX)(LM;: 170) 


Return from clock function 
I ae ee 


‘Normal program — Operating at 4MHz 


STP instruction preparation (pushing register ) 


| 


Timer i and timer 2 interrupt disable, timer 2 interrupt request clear (TMs = 0 ,IMs=0, IM4= 0) 
Timer 1 count stop bit resetting( TMs = 0 ) 


Clock X and clock for clock function Xc¢ halt (STP instruction) 


R AM backup function 


RAM backup status 


Interrupts from ae or serial I/O, INT2z, Key on wake up 
Clock X and clock for clock function Xo oscillation start 


Timer 2 overflow (X/16 or X¢/8—timer 1 timer 2 ) 
(Automatically connected by the hardware) 


Internal ayelemmusioek start (X/4 or X</2>¢) 


Program start from interrupt vector 


Normal program 


Return from R AM backup function 


{| 
| 
i 

~ 
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1. $: Xiw/4—Xcin/2 (timing diagrams are shown situation A~C, because there are three kinds of waveform by the timing) 


Situation A | | 


mw a JUDO OOo 


| | 


OL er (a (orca Comme aed 


Xin eS 22 | 
(1+LM,)R/W ee a 
eee ee 
| 
SYNC a | Peco 


Situation C | 


Mw. fe 


ae 2: Xcoin/2 > Xin/4 


| | l es 
7 ‘a | | 
(0O-LM;)R/W 


Xcin 


Note 1 : The “L” period of the R/W signal is shown the writling timing of setting value to LMy. 
2: The delay of timing is ignored. 


Fig.29 Timing diagram of the changing system clock 
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PROGRAMMING NOTES 


(1) 
(2) 


© 


The frequency ratio of the timer is 1/(n+1). 

Even though the BBC and BBS instructions are’ ex- 
ecuted after the interrupt request bits are modified (by 
the program), those instructions are only valid for the 
contents before the modification. Also, at least one ‘in- 
sturction cycle must be used (such as a NOP) between 
the modification of the interrupt request bits and the 
execution of the BBC and BBS instructions. — 

When the timer 4 and the timer 5 are used at event 
counter mode, read the contents of these timers. either 


. while the input of the these timers are not changing or 


after timer 4, 5 count stop bit (bit 6 of address 00F8,.) 
is set to “1”. 

Also, when the timer 1, timer 2, or timer 3 is input the 
clock except ¢/4 or it divided by timer, control the 
same as above. | 

After the ADC and SBC instructions are executed (in 
decimal mode), one instruction cycle (such as a NOP) 
is needed before the SEC,CLC, or CLD instructions 
are executed. . 


A NOP instruction must be used after the execution of. 


a PLP instruction. . 

When LCD turn-on bit (bit 3 of address 00F5,,) of the 
LCD mode register is “1”, don’t stop the timers or count 
source for timers. 


The serial I/O counter must be initialized (write to 


OOF 71.) after switching the transfer clock source. 
When using an external clock as the transfer clock 


source, the serial 1/O counter must be initialized while 


the external clock is at “H” level. 


The timer 1 and timer 2 must be set the necessary ~ 


value immediately before the execution of a STP in- 
struction. 

When using pins P38) and P3, as clock I/O pins, the 
pull-up option must not be used. 

Notes on controlling the clock generation circuit 

When system clock is changed Xjn/4 to Xoin/2, set LM, 
to “1” after oscillation is stable by the software in side 
of clock Xo. 

When system clock. is changed Xcjn/2 to Xin/4, set LM, 
to “O” after oscillation is stable by the software in side 
of clock X. - . 

When .SMs-is “0” or when LM; is “0” and SMg is “0”, 
LMg is automatically set to “0” by the hardware. 


When system clock selection bit (bit 7 of address 


00F5,¢) of the LCD mode register is “7”, don't.set SMs 
to “OQ”, 


“In single-chip mode, the Xoyr pin uses aS Xoyr output 


except setting value of LMs. 


The other other than single-chip mode and the input voltage 
for RESET pin is 10V, Xour pin uses as SYNC output . 


except setting value of LMs. 


‘Just for reference, timing diagram of the Eehenging system 
clock are shown in Figure 29. . 


DATA REQUIRED FOR MASK ORDERING 
Please send the following data for mask orders. 

(1) mask ROM confirmation form | 

(2) mark specification form | 

(3) ROM datacrrcsctrcccretttttees SULT e err er eee -EPROM 35ets 


Write the following option on the mask ROM confirmation 
from 


¢ Port PO pull-up transistor bit 

¢ Port P1 pull-up transistor bit 

¢ Port P2 pull-up transistor bit . 

¢ Port P3 pull-up transistor bit 

* Port P35/Soyr output format 

* CNTR pin pull-up transistor (M50932-XXXFP only) 
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ABSOLUTE MAXIMUM RATINGS 


Symbol 
ee, Supply voltage for LCD Vi4~Vt3 . —0.3~Voct0. 3 
Input voltage PO 9~P07, Plio~P1 rd} P2 )~P27 
—0.3~V O33 V 
rv | Input voltage INT;, CNVss 


Input voltage RESET, CNTR 


Output voltage PQ o~P0,, Plo~P17, P29~P27 
P39~P3;7, COMop~COMs3, SEGo~ SEG; 
Xout 


Voc 

Vi 

Vi 

Vi 

Vi 

Vo 

Vo ‘Output voltage CNTR 

Operating temperature —10~70 Cc 

| =40~125 c 

































V 
—0,.315 V 











Output transistor are “off” 











==(); 3~Voct0. 3 V 

















RECOMMENDED OPERATING CONDITIONS (Vcc=2.7~5.5V, Vss=0V, Ta=—10~70C, falas otherwise noted) 


Limits 
Symbol Parameter Conditions Unit 
Min. - Nom. Max. 











f(Xin) =4. 3MHz 4.5 5.5 
aa Supply voltage (Note 1 ) = ee Bee 


“H” input voltage P09~P0r, Pio~P17 
P3p, P3, (Note 2 ) 





(Xin) =1. 1MHz 7 ee ee 











P33~ P37 (Note3), P4o9~P47 
RESET, Xin, CNVss 


“H” input voltage P29~P27, P32, P3g (Note 4 ) 
—_ ; — VM 
INT;, CNTR 0.74Vec Voc 


“L” input voltage PQo~P0;, Plp~P17 
P89, P3; (Note 2 ) 
P33~ P37 (Note 3 ), P4g9~P4; 
; CNVss 












“L" input voltage P29~P27, P32, P3. (Note 4 ) 
INT;, CNTR 


“L” input voltage RESET 
“L” input voltage Xin 


“H” output current POg~P07, P19 ~P17, P29 ~P27 
P39~P37 (Note 5 ), Xour 


“EL” peak output current POo~P07, Pip~P1y, P29~P27 








Vin 








Voc 
Vin 
Vin 
Vit 
Vic 
IL 
lou 






















| 
ou(peak) P3o>~P3,, CNTR, Xour(Note 6 ) 
“L” average output current POp~P07, P19p~P17 
lou¢ avg) P29~ P27, P39 P37 
CNTR, Xour(Note 7 ) 





£(Xin) Clock oscillating frequency (Note 8 ) 





Voc=4.5~5. 5V 64 4300 
Voc=2. 7~5. 5V 
f(Xcin) | Clock oscillating frequency for clock function(Note@) | | 8 | kz 


Note 1 When only maintaining the RAM data, minimum value of Vcc is 2 V. 

2 When using port P3, as Xon, 0. 85VecSVinS=Voc, 0 SVi_S0. 15Vece for port P3;. 

3 In this case of using port P3, as normal input. 

4 In this case of using port P38, as CLK input. 
Especially when the input oscillation frequency is'more than 50kHz, recommend the following : 
0, 8Vec= VinSVeer 0 = Vic S0i 2Vec | 

5 The total of loy of port PO, P1, P2, P3 and Xoy7 should be 35mA max. 

6 The total of lo. (peak) of port PO, P1, P2, P3 should be 55mA max, and the total of 
lor (peak) of port P3, CNTR, and Xoyr should be 45mA max. 

7 lor (avg) is the average current in 100ms. 

8 When changing the contents of the most significant bit at address 00F 5,6, 
f(Xiy) needs the following range : f(Xin) >3f(Xcin). 
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| ELECTRICAL CHARACTERICS (vss=0V, Ta=—10~70°, unless otherwise noted) 


_ Limits 
Parameter Test conditions 


ep) 
< 
3 
o 
o 


Min 














“H” output voltage POg~P07, Pip~P17, P29~P2,, 
P39~P37( Note 9 )(Note10) 


Voec=5V, lon=—2mA 

Vou = es 
Voc™=3V, lon=—0.7mMA 
Voc™=5V, lon=—1. 5mA 


V 
Voc=3V, lox=—0. 3mA 
Vv “L” output voltage POo~P07, Pl9o~P17, P29~P27 Vec=5V, loL=10mA 
ee — P39p~P37(Notel0), CNTR Voo=3V, loc=3mA 
, : Vec=5V, loL=1.5mA : 
VoL “L” output voltagé Xour as = 
Voc=3V, loc=0. 3mA 
—— Voc=5V 
Vr+—Vr-— | Hysteresis INT;, CNTR 
: Vec=3V 


When used as 
; Vr+—Vry— | Hysteresis P3¢ CLK input 
. . cc= 


Vr7+—Vy— | Hysteresis P3, , 
Vr+—Vr— | Hysteresis P29~P2;, P3 Macnee 
—Vr- steresis ~Pe;, 
T+ T y 0 7, Fe Vec=3V 
— . ; Vec=5V 
Vr+—Vr— | Hysteresis RESET 
Vec=3V 
V Vv Hyst is X | . Mccanhd 
eV steresis 
T+ T | y IN Voc=3V 


“L” input current P49~P4; (except reset state) 
{POg~PO07, P19~P17, P2o~P27, P39~P37,; V;=0V 
CNTR (Note 12)} without pull-up Tr. Voc=3V 
CNTR (Note 11), INT;, RESET, Xin 









“H” output voltage Xour 








a N | W 





9/9 
—1]N 
oy;o 

[o) 

of je}el/e|e/elel|2s 

Ol] O01; 1] B&B] Ol] O1]N ol 


= 
NI 














0.7 














- 
Ww 
o 


| 
aos hol 
me 






































| “L” input current {P0o~P0;, Plo~P17, P2o~P27, P3o~P37,| Voc=5V, Vi=0V —70 | —140 F 
: CNTR (Note 12) wih pulp Te [Vegeavvisoy ef es a 






Vec=5V, Vig=5V, V,=0V 
Vec=3V, Vi3=3V, V,=0V 


—140 












“L” input-current P4>~P4; (at reset state) 





lb 

ol 
=< 
> 













“H” input current P49>~P47 (except reset state) 
POo~P07, Plp~P17, P2o~P27, 
P39~P37, CNTR, INT, RESET, 










Xin Vi=3V 
Voc=5V, Vi3=5V, Vi=5V 
Voc=3V, Vi3=3V, Vi=3V ; | 









“H” input current P4>~P4; (at reset state) 


Lb 
Rg 
> 













| 
I] w w 


Room Output impedance COMp~COM3 Vio=2Vi1, 500 4000 
cc 









Vis=Vec 
Other COM, SEG 
pins are opend. Vec=3V 

(Xin) =4MHz, Voc=5V 

f(Xiy) =1MHz, Veoo=3V 









Output impedance SEGo~SEGs; 








—) 

a4 : 

co |] © |a}wlw]r 
=| 
> 


Supply Current 























las Output pin are opened. Ta=25'C Ven=5V 4 
(at operation) EGET ae -| Xin=0V ce 
>P RESET, P0o~P0r, i Roiy) =32. SkHz 
P1o~P17, P29~P2z, fue a mode Ven=3V 
6= cc= 
and P38 9~P37 are - 
connected to Vcc. | fXin) =4MHz, Vec=5V a 
Except the above pins f(Xin) =1MHz, Vec=3V 
Supply current | are connected to Vgs. — gieey 
(at wait state) _ | However, Xin and Xin Xin=0V ent ae 
‘ SOL. Zz 
are input signal according at low power mode Ven=3V 
. | to the conditions. REMe=i) 
loc Supply current f(Xcin) =0 ; 
Voo=5V Ta=70T | | 
RAM retention voltage | (Xin) =0, f (Xen) =0 5.5 | Vv 








Note 9 Except when the output type of P3, is N-channel open drain (mask option). 
10 If P39 is used as Xcoyrt, capability of load driving is lower than the above. 
11 for M50930-XXXFP and M50931-XXXFP 4 
12 for M50932-XXXFP i 
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TIMING REQUIREMENTS 
Memory expanding mode and microprocessor mode (Vco=5V+10%, Vss=0V, Ta=25C) 


ae 
tsy (P3D—¢) | Port P3 input setup time 
tsy (P4D—¢) | Port P4 input setup time 


t INT,, INTz external clock input pulse width 
Vec=2.7V 
twr RESET external clock input pulse width (Note 13) 

Vec=2. 7V 


in(G-POD)| Pon PE nputnoldime ———SSSSCSCS~S~S~S~S~S 
in(@=P0D)| Por FP Iputholdtime SSS 


th (¢-P4D) | Port P4 input hold time 









Limits 


yp. 


rm 
NS 
Aa 


Po 
| 
jo) 


ine] 
~ 
(>) 





a 


zg 
7) 


is 
o 








RYER 
alo 













External clock input cycle time (Xx pin) 
External clock input pulse width (Xin pin) 
External clock rising edge time (Xin pin) 2 


5 
25 


ns 
ns 
ns 
ns 
ns 
US 
US 





External clock falling edge time (Xiy pin) 


External clock input cycle time (P3;/Xcin pin, Xcin) 
| tic 





g 
7) 





External clock input pulse width (P3;/Xcin pin, Xciw) 


N 
NO NJ] O17 POP; HOT DO 
O11) © oo; aoa;oa;o 


External clock rising edge time (P3;/Xcin pin, Xcin) 


Bs: 
) 


opm me)) 
NO] NM 


External clock falling edge time (P3,/Xcn pin, Xcin) 







Note 13 : Hold RESET to “L” level while eight or more rise pulses are input from Xin. 


SWITCHING CHARACTERISTICS 
Memory expanding mode and microprocessor mode (Vcc=5V+10%, Vss=0V, Ta=25C) 


Symbol Parameter — Test conditions 


tq (¢—POA) | Port PO address output delay time 
‘| tq(¢—P1A) | Port P1 address output delay time 
tq (¢—P2Q)} Port P2 data output delay time 


tq (¢-P2QF)| Port P2 data output delay time 
d 


g—P2QF) 
tq (¢—R/W)|} R/W signal output delay time 
( ) 


tq (¢—-R/WF)| R/W signal output delay time 


tq (¢-SYNC}} SYNC signal output delay time 


tq (¢—-P3Q)} Port P3 data output delay time 





+38 
Og 
On 


Limits 
Min. Typ. 


NO 
o1 
ae 







NO 
on 
io) 


Ww 
Ww 
(a) 





NO 
oi; 
co) 








Fig.30 Port PO, P1, P2, P3, SYNC (Xoyz) test circuit 
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TIMING DIAGRAMS 


In memory expanding mode and microprocessor mode 


- Port P1, output 
(¢) 


Port PO output — 


Port P1 Oo. P1 5 
output 





teyc 











td(¢-P2aF) 
Port P2 output 
tsu(p2p-¢) 
Port P2 input 
thi ¢-p2p) 
td(aR/w) > tdi s-n/we) 
Port P1, output (R/W) 
Xout Siitauit . 
(at setting to SYNC itp) 
tdi ¢-p3q) 
tsu(p3p-¢) 
Port P3 input 
thi ¢-pap) 
. tsu(pap-¢) a 
Port P4 input — 
thi ¢-pap) 
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tw 


INT), INT» input 


| twr 
RESET input 


Xin input foxy) 








P3,/Xein input 


(at using Xcin) foxoin) 
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DESCRIPTION 


The M50940-XXXSP and the M50941-XXXSP are single- | 


— chip microcomputer designed with CMOS silicon gate 
technology. Both are housed in a 64-pin shrink plastic 
molded DIP. 

These single-chip microcomputers are useful for business 
equipment and other consumer applications. , 
In addition to their simple instruction set, the ROM, RAM, 
and I/O addresses are placed on the same memory map to 
enable easy programming. | | 

The differences between the M50940-XXXSP and the 
M50941-XXXSP. are noted below. The following explana- 
tions apply to the M50940-XXXSP. Specification variations 
-for other chips, these are noted accordingly. 


. M50940-XXXSP 4096 bytes 128 bytes 
M50941-XXXSP 8192 bytes 192 bytes 


The differences between the M50940-XXXSP and the 
M50940-XXXFP are the package outline and the power dis- 
sipation ability (absolute maximum ratings). 






DISTINCTIVE FEATURES 


@ Number of basic instructions: crt 69 
@ Memory size ROM::::::::: 4096 bytes (M50940-XXXSP) 

: 8192 bytes (M50941-XXXSP) 
RAM cresseees 128 bytes (M50940-XXxXSP) 

192 bytes (M50941-XXXSP) 


© Instruction executing time | 
“+--+ 2us (minimum instructions, at 4MHz frequency) 


@ Single power supply’ f(Xy)=4MHzZee 5V+10% 


e Power dissipation 
_ normal operation mode (at 4MHz frequency) ---- 15mW 
low-speed operation mode (at 32kHz frequency for 


clock FLUC RIOR) 29h eee peetenas eines Socbsatees: Scausiidcas 0.3mW 
@ Subroutine nesting ---: 64 levels (Max.) 
@ Interrupts eee aenehareausauures 8 types, 5 vectors 
@ 8-bit timer--:---++++++-++++-- 3 (2 when used as serial |/O) 
@ 16-bit timer 1 (Two 8-bit timers make one set) 
@ Programmable 1/O ports (Ports P3, P4) <r 16 
@ Input ports (Ports IN, RR) ccrreceeeceeeccesccesceesceeeseeeseneeten 120° 
@ High-voltage output ports (Ports PO, P1) -:-srree 16 
@ High-voltage programmable I/O ports (Port P2) --+:-++++: 8 
@® Serial |/O (8-bit) TE CLTNT ETE EVENT EV ere Teer e Tre rer rary ania 1 
@ A-D Conversion sssttcresteetees ai bia Seresereitee @ei¥ie'e 8-bit, 8 channel 
@ PWM function CeCe merce rere meses ere e eee e resent arene seserseeerarseseses 1 
@ Two clock generator circuits (One is for main clock, the 
other is for clock function) 
. APPLICATION 


Microwave oven, Air conditioner, Fan heater 

Office automation equipment, Copying machine, Medical 
instruments _ a 

VCR, TV, Audio-visual equipment 
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PIN CONFIGURATION (TOP VIEW) 


Reference 
voltage input 





Vrer > LU . Vec 






Input port IN 














_| High- 
— POs | voltage 
— PO, output 
port PO 


* 1/0 port P4 









dSXXX-L-?60SW 
JO 
dSXXX-0r60SW 





P37/Srpy ** 
P3./CLK 
, P35/Sout pn 
P3,4/Sin 
P33/T, > 
P3./T2 > 
P3,/INT, + 
P3)/INT> nas 
CNVss 
Reset input RESET — 
Clock input Xin > 




















High- 

voltage 
—> Pl, output 
— Pt. : port P1 


1/0 port P3 














Clock output 
Clock input for 
timer function 
Clock output 

‘for timer function V 
F ss 









M50940-XXXFP 
or 


M50941-XXXFP 










Outline 72P6 


NC : No connection 
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M50940- XXXSP BLOCK DIAGRAM 





Clock Clock a 

input for output for Pull-down . Reference 
Clock Clock Timing clock clock . voltage voltage 
input output Output function function Resetinput (sy) input (Ov) (OV) input 
Xin Xout ¢ XcIn Xcout RESET Voc Vp Vss AVcc CNVss, VReEF 


a ana: tik @)- - -@—_@—@-- —@ a 








Clock generating circuit 











RAM 
128 bytes 









| Program 
counter 
PC_(8) 


Program 
counter 


PC,,(8) 







4096 bytes 
(Note 2) 








Instruction 

register (8) 
Instruction 
decoder 


Control signal 


Arithmetic 
Processor 


status . | Index aces 
register 
PS(8) 


| od r Tr UU 





and... 
logical unit 


Index ara a ae 


Accumulator 





PWM 
control 





IN (8) | pac) | P3 == PO (8) - 


Madea HHO MOM AAMDND ih bdaddddd- GEXSIIES) E8}E0) KOIOO OOK 48) NEO) KO DMDELE 


-S— SS 


Input port IN port IN Input port R port R I/O port P4 VO port P3 port P3 ~ ~— High-voltage . ~ igh-veltage. voltage — ~ “High-voltage voltage 
Note 1 : 8192 bytes for M50941-XXXSP. Weipen be output port Pl output port PO 
2: 192 bytes for M50941-XXXSP. 





a 
an 
eT 


YALNdINODONDIN SOWD LIS-8 dIHO-319ONIS 


di/dSXXX-Ty60SW 
diA/dSXXX-OPp6é0siIN 
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FUNCTIONS OF M50940-XXXSP 


Number of basic instructions | rae 
’ Instruction execution time 2us (minimum instructions, at 4MHz frequency) 


Clock frequency 4. 2MHz (main clock input), 32kHz (for clock function) 


4096bytes (8192bytes for M50941-XXxSP) 7 
Memory size 


128bytes (192bytes for M50941-XXXSP) . 
Input/Output port 


















me) 
> 
| 


PO, P1 


/0 

/0 
4-bitX1 

| 

) 


a} 


Timers 


it i a eee oe Tm mney rn 
5V+10%(at f(Xin)=4MHz), 3.0~5.5V(at f(Xin)S1.0MHz) | 
: 


. 5V (port P3, P4) 
Input/Output voltage : 
Vec—36V (port PO, P1, P2) 
—12mA (port PO, P1, P2: high-voltage P-channel open drain output) 
Output current 
—5~+10mA (port P3, P4: CMOS tri-state output) 
Operating temperature range —10~70C . 


pape M50940-XXXSP, M50941-XXXSP 64-pin shrink plastic molded DIP 
ckage 
: M50940-XXXFP, M50941-XXXFP 72-pin plastic molded QFP 












Power dissipation 





Input/Output 
characteristics 
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PIN DESCRIPTION 


poe cuca 


Supply voltage 
ss 


Voc 
V 
Pull-down voltage Input This is the input voltage pin for the pull-down transistor of ports PO, P1 and P2. _ 


Power supply inputs 5V+10% to Vcc, and OV to Vss. 


RESET Reset input To enter the reset state, the reset input pin must be kept at a “L” for more than 2us (under normal Vc¢c 
conditions). If more time is needed for the crystal oscillatior to stabilize, this “L” condition should be main- 
tained for the required time. . 
Clock input These are |/O pins of internal clock generating circuit for main clock. To contro! generating frequency, an 
external ceramic or a quartz crystal oscillator is connected between the Xin and Xour pins. If an external 
Clock output Output clock is used, the clock source should be connected the Xx pin and the Xour pin should be left open. 
pe Timing output Output This is the timing output pin. 
XcIN Clock input for Input This is the I/O pins of the clock generating circuit for the clock function. To control generating frequency, 
clock function an external ceramic or quartz crystal oscillator is connected between the Xcin and Xcour pins. If an external 


clock is used, the clock source should be connected to the Xciy pin and the Xcour pin should be left open. 
Xcout Clock output for Output This clock can be used as a program controlled the system clock. ; 
clock function . 


PO o~PO7 | Output port PO Output Port PO is an 8-bit output port. Output structure is high-voltage P-channel open drain. A pull-down transistor 
| is built-in between the Vp pin and this port. 
At reset, this port is set to a “L” level. 
i 

P1g~P17 | Output port P1 ouput | Port P1 is an 8-bit output port and has basically the same functions as port PO. 

P259~P2;, | I/O port P2 1/0 Port P2 is an 8-bit 1/O port with directional registers allowing each I/O bit to be individually programmed as 
input or output. At reset, this port is set to input mode. The output structure is P-channel open drain. A pull- 
down transistor is built-in between the Vp pin and this port. . 

P39-~P37 | I/O port P3 1/0 Port P3 is an 8-bit 1/O port with CMOS tri-state output. The other functions are basically the same as port 

; P2. P39, P3;, P32 and P33 pins are in common with INTs, INT;, Tz, and T;, respectively. When serial I/O is 
. used, P37, P3¢, P35, and P38, work as Sapy, CLK, Sour, and Sin, pins, respectively. ’ 
P49-~P47 | I/O port P4 1/0 
P2. 
Input port R input | Port R is a 4-bit input port. . 
~ le 


~INz | Analog input port IN 
port. 


Voltage input for A-D ee This is the power supply input pin for the A-D conveter. | 
Reference voltage ae This is the reference voltage input pin for the A-D conveter. 
input 


Port P4 is an 8-bit |/O port with CMOS tri-state output. The other functions are basically the ‘same as port 


Port IN is the analog input pin to the A-D converter. It also has a dual function and works as a normal input 
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BASIC FUNCTION BLOCKS 


MEMORY 
A memory map for the M50940-XXXSP is shown in Figure 1. 
Addresses F000, to FFFF,, are assigned to the built-in 
ROM area which consists of 4096 bytes (8192 bytes for 
M50941-XXXSP). Addresses FF00,, to FFFF,, are a special 
address area (special page). By using the special page 
addressing mode of the JSR _ instruction, subroutines 


addressed on this.page can be called with only 2 bytes. — 


Addresses FFF4,, to FFFF;, are vector addresses used for 


; “RAM 
-RAM ' (128 bytes) 
(192 bytes) for 
for. M50940-XXXSP 
M50941-XXXSP|_. i 


Zero page 


ROM 
(8192 bytes) 
for 
M50941-XXXSP 


ROM 
(4096 bytes) 

- for — 
M50940-XXXSP Special page 
| for 

subroutine 


Address L 
rT Address H 
; ca Address L 
Address H 
Address L ; 
Address H / 


Address L 
Address H 
Address L es 
Address H INT, 
Address L 
Address H 





Fig.1 Memory map 


7 | 00E9,,| Port P3 “lrectiona 
| 00EA,,}Port P4 . ; 
| | OOEBie]Port Pa Girectional 
OOEC,6{ Port IN 
| 00ED,< 
O0EE,. | 


the reset and interrupts (see interrupt chapter). Addresses 
00001, to OOFF,, are the zero page address area. By using 
the zero page addressing mode, this area can also. be 
accessed with 2 bytes. The use of these addressing 
methods will greatly reduce the object size required. _ 

The RAM, I/O port, timer, etc. addresses are already 
assigned for the zero page. Addresses 0000;, to 007Fi¢ are 
assigned for the built-in RAM which consists of 128 bytes 
(192 bytes for M50941-XXXSP) of static RAM. This RAM is 


used as the stack during subroutine calls and interrupts, in 


addition to data storage. 


Decimal 


00E016] Port PO 
00E1,6 
O0E216{ Port P1 
00E3;, 
00E4:¢{ Port P2 

OOES16} Port P2 yao leter 
OOE6 i, 

OOE7i6 


00E8,.)PortP3 


OOEF,.¢} A-D register 
OOF0,, Port R 
OOF 146 
OOF2,,] A-D start address 


OOF 3i¢ A-D control register 


00F4,, 
- O0FS;, 

OOF6,.,} Serial |/O mode register 
OOF7,,| Serial |/O register 
OOF8,6) 
OOF9:e6] Timer] - 
OOFA,6| Timer 2 
OOFBi¢} Timer 3 
OOFC,,] Timer 4 
OOFD,,¢|Timer5 . 


a 
3 
@ 
_ 
s 
on 
>) 
oO 
Ss 
mal 
om 
°. 
= 
@ 
Q 
a 
= 
@ 
= 


INT, 

Serial I/O or \ 
Timer3 \ 
Timer2 \ 


Timer1 or A-D \ 


‘ OOFE,,| Interrupt control register 





RESET \ OOFFi¢ Timer control register 


65535 
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CENTRAL PROCESSING UNIT (CPU) 


The CPU consists of 6 registers and is shown in Figure 2. 


ACCUMULATOR (A) 

The 8-bit accumulator (A) is the main register of the micro- 
computer. Data operations such as data transfer, input/out- 
put, etc., is executed mainly through the accumulator. 


INDEX REGISTER X (X) 

The index register X is an 8-bit register. In the index regsi- 
ter X addressing mode, the value of the OPERAND added 
to the contents of the index register X specifies the real 
address. When the T flag in the processor status register is 
set to “1”, the index register X itself becomes the address 
for the second OPERAND. 


Accumulator 
Index register X 
Index register Y 
Stack pointer ~ 


Program counter 





Fig.2 Register structure 


INDEX REGSITER Y (Y) 

The index register Y is an 8-bit register. In the index regis- 
ter Y addressing mode, the value of the OPERAND added 
to the contents of the index register Y specifies the real 
address. 


7 O- . 
ufv|rfalo]ilzle Processor status register 


Carry flag 

Zero flag 

Interrupt disable flag 
Decimal mode flag 


Break flag 


Index X mode flag 


‘Overflow flag 


Negative flag 
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STACK POINTER (S) 

The stack pointer is an 8-bit register that contains the 
address of the next location in the stack. It is mainly used 
during interrupts and subroutine. calls. The stack pointer is 


not automatically initialized after reset and should be initial- 


ized by the program using the TXS instruction. 

When an interrupt occurs, the higher 8 bits of the program 
counter is pushed into the stack first, the stack pointer is 
decremented, and then the lower 8 bits of the program 
counter is pushed into the stack. Next the contents of the 
processor status register is pushed into the stack. When 
the return from interrupt instruction (RTI) is executed, the 
program counter and. processor status register data is pop- 
ped off the stack in reverse order from above. 

The Accumulator is never pushed into the stack automati- 
cally, so a Push Accumulator instruction (PHA) is provided 
to execute this function. Restoring the accumulator to its 
previous value is accopmlished by the Pop Accumulator in- 
struction (PLA). It is executed in the reverse order of the 
PHA instruction. | | 

The contents of the. Processor Status Register (PS) are 
pushed and popped to and frome the stack with the PHP 
and PLP instructions, respectively. 

During a subroutine call, only the Program Counter is 


pushed into the stack. Therefore, any registers that should - 


not be destroyed should be pushed into the stack manually. 
To return from a subroutine call, the RTS instruction is 
used. 


PROGRAM COUNTER (PC) 

The 16- bit program counter consists of two 8-bit registers 
PCy and PC,. The program counter is used to indicate the 
address of the next instruction to be executed. 


PROCESSOR STATUS REGISTER (PS) 

The 8-bit PS is composed entirely of flags used to indicate 
the condition of the processor immediately after an opera- 
tion. Branch operations can be performed by testing the 
Carry flag (C), Zero flag (Z) , Overflow flag (V) or the 
Negative flag (N). Each bit of the register is explanined 
below. 

1. Carry flag (C) 

The carry flag contains the carry or borraw generated by 
the Arithmetic Logic Unit (ALU) immediately after an op- 
eration. It is also changed by the shift and rotate instruc- 
tions. The set carry (SEC) and clear carry (CLC) instruc- 
tions allow direct access for setting and clearing. this flag. 


2. Zero flag '(Z) 


This flag is used to indicate if the immediate operation | 
generated a zero result or not. If the result is zero, the zero - 


falg will be set to “0’ 
will be set to “1”. 


’_ If the result is not zero, the zero flag 


- accepted, this flag is automatically set to “1” 


3. Interrupt disable flag (I) — 

This falg is used to disable all interrupts. This is accom- 
plished by setting the flag to “1”. When an interrupt is 
to prevent 
from other interrupts until the current interrupt is completed. 
The SEI and CLI instructions are used to set and clear this 
flag, respectively. 


4. Decimal mode flag (D) 

The decimal mode flag.is used to define whether addition 
and subtraction are executed in binary or decimal. If the 
decimal mode flag is set to “1”, the operations are ex- 
ecuted in decimal, if the flag is “O”, the operations are ex- 
ecuted in binary. Decimal correction is automatically ex- 
ecuted. The SED and CLD instructions are used to set and 
clear this flag, respectively. 


5. Break flag (B) 

When the BRK instruction is executed, the same operations 
are performed as in an interrupt. The address of the inter- 
rupt vector of the BRK instruction is the same as that of the 
lowest priority interrupt. The contents of the B flag can be 
checked to determine which condition caused the interrupt. 
If the BRK instruction caused the interrupt, the B flag will 


‘be “1”, otherwise it will be “O”. 


6. Index X mode flag (T) 


When the T flag is “1”, operations between memories are 


executed directly without passing through the accumulator. 
Operations between memories involving the accumulator 
are executed when the T flag is “0” (i.e., operation results 
between memories 1 and 2 are stored in the accumulator). 
The address of memory 1 is specified by the contents of 
the index register X, and that of memory 2 is specified by 
the normal addressing mode. The SET and CLT instructions 
are used to set and clear the T flag, respectively. 


7. Overflow flag (V) 


The overflow flag functions when one byte is added or sub- 
tracted as a signed binary number. When the result ex- 


_ ceeds +127 or —128, the overflow flag is set:'to “1”. When 
_ the BIT instruction is executed, bit 6 of the memory location 


is input to the V flag. The overflow flag is reset by the CLV 
instruction and there is no set instruction. 


8. Negative flag (N) | 
The negative flag is set whenever the result of a data trans- 
fer or operation is negative (bit 7 is “1”). Whenever the BIT 


_instruction is executed, bit 7 of the memory location is input 
to the N flag. There are no instuctions for directly setting or 
resetting the N flag. — | 
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INTERRUPT 

The M50940-XXXSP can be interrupted from eight sources; 
INT,, timer 1 or A-D, timer 2, timer 3 or serial I/O, and the 
INT. or BRK instruction. 

The value of bit 2 of the serial |/O mode register (address 
OOF6,,) determines whether the interrupt is from timer 3 or 
from serial 1/O. When bit 2 is “1” the interrupt is from serial 
I/O, and when bit 2 is “0” the interrupt is from timer 3. Also, 


when bit 2 is “1”, parts of port 3 are used for serial I/O. Bit _ 


3 of the A-D control register (address 00F3,,) determines if 
an interrupt is from timer 1 or from the A-D. When bit 3 is 
“OQ”, the interrupt is from timer 1, when bit 3 is “1” the inter- 
rupt is from the A-D. These interrupts are vectored and 
their priorities are shown in Table 1. Reset is included in 
this table since it has the same function as an interrupt. 

When an interrupt is accepted, the contents of certain reg- 
isters are pushed into specified locations, (as discussed in 
the stack pointer section) the interrupt disable flag (1) is 
set, the program jumps to the address specified by the in- 
terrupt vector, and the interrupt request bit is cleared auto- 
matically. The Reset interrupt is the highest priority inter- 
rupt and can never be inhibited. Except for the Reset inter- 
rupt, all interrupt are inhibited when the interrupt disable 
flag is set to “1”. All of the other interrupts can further be 


Interrupt 
request 


Interrupt disable flag | 


Fig.3 Interrupt control — 





controlled individually via the interrupt control register 

shown in Figure 3. An interrupt is accepted when the inter- 

rupt enable bit and the interrupt request bit are both “1” 

and the interrupt disable flag is “O”. The interrupt request 

bits are set when the following conditions occur: 

(1) When the INT, or INT» pins go from “H” to “L” 

(2) When the contents of timer 1, timer 2, timer 3 (or the ~ 
serial |/O counter) go to “0”. 

These request bits can be reset by the program but can not 

be set. 

Since the BRK instruction and the INT» interrupt have the 

same vectored address, the contents of the B flag must be 

checked to determine if the BRK instruction caused the in- 

terrupt or if INT. generated the interrupt. 


Table 1. Interrupt vector address and priority. 


Zz 
3 















nt, Oe FFE 
PFimertorA-D | 3 | FFF, FEFAe 
primer? [|G FFG 
Pint(eaK) [6g FFAs 





Interrupt control register (Address OOFE;,) 

Bit7 : INT, pin interrupt request bit 

Bit6 : INT, pin interrupt enable bit 

Bit5 © Timer 2 interrupt request bit 

Bit 4 : Timer 2 interrupt enable bit 

Bit 3 : Timer 3 interrupt or serial |/O interrupt request bit 
Bit 2 : Timer 3 interrupt or seruial I/O interrupt enable bit 
Bit 1 : INT2 pin interrupt request bit | 
Bit 0 : INT. pin interrupt enable bit 


Timer control register (Address OOFF,,) 

Bit 7 : Timer interrupt or A-D interrupt request bit 
Bit 6 : Timer 1 interrupt or A-D interrupt enable bit 
Bit5 : Timer]: count stop bit 

Bit 4 : Timer 3 count source selection bit 

Bit 3 - Timer 2 count source selection bit 

Bit 2 : Timer count source selection bit 

Bit] : 


Processor made bit 
BitO: 
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TIMER | 

The M50940-XXXSP has five timers; timer 1, timer 2, timer 
3, timer 4 and timer 5. Since P (in serial I/O mode) and 
timer 3 use some of the same architecture, they cannot be 
used at the same time (see serial I/O section). The count 
~ gource for each timer can be selected by using bit 2, 3 and 
4 of the timer control register (address OOFF,.¢), as shown in 
Figure 5. For more details about timer 4 and timer 5, see 
the PWM section. a 


A block diagram of timer 1 through 5 is shown in Figure 5. 


All of the timers are down count timers and have 8-bit 
latches. When a timer counter reaches “0”, the contents of 
the reload latch are loaded into the timer and the next 
count pulse is input to a timer. The division ratio of the tim- 


ers is 1/(n+1), where nis the contents of the timer latch. ___ 


The timer interrupt request bit is set to “1” at the next 
- clock pulse after the timer reaches “0”. The interrupt and 
timer control registers are located at addresses OOFE,, and 
OOFF,.¢, respectively (see Interrupt section). The starting/ 
stopping of timer 1 can be controlled by bit 5 of the timer 
control regsiter. If bit 5 (address OOFF,.) is “0”, the timer 
starts counting and when bit 5 is “1”, the timer stops. 

After a STP instruction is executed, timer 2, timer 1, and the 
clock (¢ divided by 4) are connected in series (regardless 
of the status of the 2 through 3 of the timer control register). 
This state is canceled if the timer 2 interrupt request bit is 
set to “1”, or if the system is reset. Before the STP instruc- 
tion is executed, bit 5 of the timer control register (timer 1, 
count stop bit), and bit 4 of interrupt control register (timer 


2 interrupt enable bit) bit 6 of the timer control register - 


(timer 1 interrupt enable bit) must be set to “0”. For more 


details on the STP instruction, refer to the oscillation circuit. 


section. 
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7 ‘O.. 
i eye dele i Timer control register (Address OOFF,) 


Processor mode bit 
00 : Single-chip mode 
01 : Memory expanding mode 
10 : Microprocessor mode 
11 < Eva-chip mode 
Timer 1 count source selection bit 
0: ddivided by 4 
1: Xcin (clock for clock function) 
Timer 2 count source selection bit 
0 : Timer 1 overflow signal 
1 : Xen (clock for clock function) 


Timer 3 count source selection bit 
0: ddivided by 4 
1 - Timer 2 overflow signal 


Timer 1 count stop bit 
0: Count start 
1 : Count stop 


Timer 1 or A-D interrupt. enable bit 
0 : Interrupt disable 
1 : Interrupt enable 


Timer 1 or A-D interrupt request bit . 
' 0: No interrupt request 
1 : With interrupt request 


Fig.4 Structure of timer control register — 
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3 Data bus 

Xcin 

ADM3 
& 1/4 ) Timer 1 or A-D interrupt bit 
Xin 

Timer 2 interrupt request bit 

Timer 3 latch (8) 
{ SM2 





. r) Timer 3 (8) Pe L) Timer 3 or serial I/O interrupt request bit 
L hina: 
| 1/2 
atic | | 


Oy, 
SM, SM,, SMo 
00, 01 : External clock 













ok] 10: 1/2 ott | 
P3¢ & ) = - ie ouimers ae Selection gate (at reset the shaded 
- 1/4 of side is‘connected.) 
T Les + 
ial clock Saaanie TM : Timer control register 
‘ a counter (3) SM _ : Serial |/O mode register 
SM, SM, = TC : Timer 4, 5 control register 
ADM: A-D control registe 
6 ee ee ee 
SMo2 
Serial 1/O 


P3, ( ) Sin 


register (8) 









So 
P37 (_) 4 


F/F 







8 
Timer 5 latch (8) 
8 
| TC, 
es Timer 5 (8) a 
8 





Fig.5 Block diagram of timer 1 through 5 








MITSUBISHI | . 2 
ELECTRIC Rae 


MITSUBISHI MICROCOMPUTERS 


M50940-XXXSP/FP 
M50941-XXXSP/FP 


SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 





PWM | | 


The M50940-XXXSP has a pulse width modulated (PWM) 

_ output control circuit. The circuit outputs a variable duty cy- | Timer 4, 5 
cle signal that can be used for a programmable pulse width Control register (address 00F5,6) 
and frequency. Timers 4 and 5 are used for the PWM. The. | 
control of these timers is explained in Figure 6 and the rec- oy eee eer 
tangular waveform is shown in Figure 7. stele anbene el, 


1 : To (timer output) 


At reset, the PWM output is in a floating state. When timers 
4 and 5 are not used for PWM control, they can be cas- | 
caded and used as a 16-bit timer. However, when used as | 7 Timer 4, 5 function mode select bit 
a 16-bit timer, the interrupt function (such as timer 1 Oo Timeriode 
through timer 3) cannot be used. | “ap PON Mees 





Fig.6 Structure of timer 4, 5 control register 


‘Timer 4 Timer5 


~ Timer 4+ Timer 5 





Fig.7 _PWM rectangular wave form 
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SERIAL I/O 

A block diagram of the serial 1/O is shown in Figure 8. In 
the serial |/O mode, the receive ready signal (Sany) syne 
chronous input/output clock (CLK), and the serial |/O 
(Sout, Sin) pins are used as P37, P35, P3;, and P3,, re- 
spectively. : | 
The serial 1/O. mode register (address O00F6,,¢) is an 8-bit 
register. Bits 1 and 0 of this register is used to select a syn- 
chronous clock source. When these bits are (00) or (01), 
an external clock from P38, is selected. When these bits are 
[10], the overflow signal (from timer 3) divided by two be- 
comes the synchronous clock. Therefore, changing the tim- 


Internal Divider 


‘clock ¢ 


er period will change the transfer speed. When the bits are 
(11), the internal clock ¢ divided by 4 (ie. 4us at 4MHz) 
becomes the clock. | 

Bits 2 and 3 decide whether parts of P3 will be used as a 
serial 1/O or not. When bit 2 is “1”, P38. becomes an |/O pin 
of the synchronous clock. When an internal synchronous is 
selected, the clock is output from P3.. If an external syn- 
chronous clock is selected, the clock is input to P3.. And 
P3, will be a serial output and P3, will be a serial input. To 
use P3, as a serial input, set the directional register bit 
which corresponds to P3,, to “0”. For more information on 
the directional register, refer to the I/O pin section. 


From internal clock ¢ 





P3, é Sarpy ; 4 


Prescaler 






Internal system clock 
source selection bit 


0: Xw 
1 * Xen 


Clock (Xin-Xour) stop bit 
0 : oscillation 
1 : stop 


P33/T1 output selection bit 
0 : Normal I/O port 
1: Timer 3 overflow signal divided by 2 


Fig.8 Block diagram of serial !/O 


by 4 or 
timer 2 


ae Serial |/O mode register 


Timer3 
(8) 


(address 00FB,,) 


to timer 3 or 
serial 1/O 
interrupt 
request bit 


é (address 00F6,,) 


Synchronous clock selection bit 
00: 
Ql: 
10 © Timer 3 overflow signal divided by 2 
11: Timing ¢ divided by 4 


External clock 





Serial 1/O port selection bit (P35, P35) 
0 : Normal I/O port 
1° Serial I/O port 


Srpy signal output selection bit (P37) 
0 : Normal I/O port 
1° Sarpy signal output pin 
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To use the serial I/O, bit 2 needs to be set to “1”, if it is “0” 
P3_ will function as a normal I/O. Interrupts will be gener- 
ated from the serial I/O counter instead of timer 3. bit 3 de- 
termines if P37 is used as an output pin for the receive data 
ready signal (bit 3=“1”, Sppy) or used as a normal I/O pin 
(bit 3=“0”). oe 


The function of the serial 1/O differs depending on the 


clock source; external clock or internal clock. 

Internal clock—The Sppy signal becomes “H” during trans- 
mission or while dummy data is stored in the serial 1/O reg- 
ister. After the falling edge of the write signal, the Srpy sig- 
nal becomes low signaling that the M50940-XXXSP is ready 
to receive the external serial data. The Say signal goes 
“H” at the next falling edge of the transfer clock. The serial 
I/O counter is set to 7 when data is stored in the serial |/O 
register. At each falling edge of the transfer clock, serial 






r 


Serial I/O register 
write signal 


Serial 1/O output 







Serial I/O input | 
Sin 







Receivable signal 





Srpy 


Fig.9 Serial I/O timing © 


Sending side 


Serial |/O mode register 


bit 3 bit 0 


EERE 


Set the directional 
register for P37 pin 
in input mode. 


Synchronous we LILFLILIU LU UU UU UU ut 


| | | | 
a cs 6 7) OS 68 6 8 


Synchronous clock 


data is output to P35. During the rising edge of this clock, 
data can be input from P38, and the data in the serial I/O 
register will be shifted 1-bit. Data is output starting with the 
LSB. After the transfter clock has counted 8 times, the se- 
rial 1/O register will be empty and the transfter clock will 
remain at a high level. At this time the interrupt request bit 
will be set. ; oe 


_ External clock — If an external clock is used, the interrupt 


request will be set after the transfter clock has counted 8 
times but the transfter clock. will not stop. Due to this 
reason, the external clock must be controlled from the out- 
side. The external clock should not exceed 250kHz at a 
duty cycle of 50%. | | 
Timing diagrams are shown in Figure 9, and connections 
between two M50940-XXXSPs’ are shown in Figure 10. 






Interrupt request bit set 


Receiving side 


Serial |/O mode register 


bit 3 bit 0 


a 


Set the directional 
register for P3, pin 
in input mode. 


Serial data . 


Fig.10 Example of serial 1/O connection 
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A-D CONVERTER 

The A-D converter circuitry is shown in Figure 11. The ana- 
log input ports of the A-D converter (INo~IN7) are in com- 
mon with the input ports of the data bus. | 

The 6-bit A-D control register is located at address 00F3,g. 
- One’ of the eight analog inputs is selected by bits 0, 1 and 2 
of this register. bit 3 selects the interrupt source, either from 
timer 1 or the A-D itself. It bit 3 is “O”, then the interrupt re- 
quest is from timer 1, if it is “1”, then it is from the A-D. 

A-D conversion is accomplished by first selecting the ana- 
log channel (bit 0, 1) to be converted. bit 3 should also be 
set to “1” to select the A-D as the interrupt source. The 
conversion is started when dummy data is written into 
address 00F2,,. When the conversion is finished, an inter- 
rupt is generated by the A-D and the digital data can be 
read from the A-D register (address OOEF,.). The end of 
the conversion is determined by either the A-D conversion 
end bit (bit 5 of the A-D control regiser) or an A-D interrupt 
request bit (Address OOFF,.). 


The A-D conversion can also be programmed for high or 
low speed conversions. This is accomplished by using the 
A-D conversion speed switch bit (bit 4 of the A-D control 
register). For more information on the electrical character- 
istics of the high and low speed conversions, refer to the 
electrical characteristics section. 

Port IN can also be used as an input port by reading data 
into address 00EC,¢. However, this cannot be done during 
A-D conversions. | 

The A-D control register is shown in Figure 12. 


Data bus 











A-D control 
register 


(address O0ECi¢) 


INo( ) 
IN; C) 
INo( ) 
INs ( ) 
Ng) ca 
INs ( ) Z 
INs C ) 4 


De AS 


NN 


Comparator 





8-channel multiplex analog switch 





To 
es to timer 1 or 


_ A-D interrupt 
- request bit 


A-D control 
circuit 











Successive 
approximation 
register 
(A-D register) 


(address OOEF4.) 










Switch tree 
Ladder resistor 





Fig.11 A-D conversion circuit 
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A-D control register (address 00F3;,) 


Analog input select bit 
000 : IN 
001 : IN, 
010 : INe 
011: IN3 
100 > IN, 
101 2 INS 
110: INg 
111 2 IN, 


A-D/timer 1 input select bit 
0: Timer 1 
1: A-D 

A-D conversion speed switch bit 
0: High speed * 
1: Low speed 


A-D conversion end bit 
0 : Under conversion 
1 : End conversion 
* High speed at 6 =1MHz 
Low speed at ¢ =1MHz 
Convert speed; tap=72us 
Convert speed; tap=288us 





Fig.12 Structure of A-D control register 
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RESET CIRCUIT | 
The M50940-XXXSP is reset according to the sequence 
shown in Figure 15. And starts the program from the 
address formed by using the content of address FFFFi¢ as 
the high order address and the content of the address 
FFFE,, as the low order address when the RESET pin is 
held at “L” level for more than 2us while the power voltage 
is in the recommended operating condition and the crystal 
oscillator oscillation is stable and then returned to “H” level. 


Address 
Port PO register (E Oye) 


Port P1 register (E 246) °° 
Port P2 directional register (E 546) °° 


Port P3 directional register (E 9 ig) ° 


Port P4 directional register (E Big) 


Serial 1/O mode register (F 646) °°: 


A-D control register C346)" 


Timer 4, 5 control register (F 54,5) °° 


Interrupt control register (FE 16) ek 


Timer cotrol register (CF Fiu¢) 


Interrupt disable | (PS 
flag for precessor 
status register 


Contents of 
Program counter address FFFFi¢ 
Contents of 
address FFFE 4, 


[t.| 
oo 
a 
ee, 


Since the contents of both registers other than those listed 
above (including timer 1, timer 2, timer 3, and the serial I/O 
register) and the RAM are undefined at reset, it is necessary 
to set initial values. 





Fig.13 Internal state of microcomputer at reset 





The internal initializations following reset are shown in Fig- 
ure 13. 

An example of the reset circuit is shown in Figure 14. — 
When the power on reset is used, the RESET pin must be 
held “L” until the oscillation of Xjy-Xout becomes stable. 


Power on 
M50940-XXXSP 


M50940-XXXSP 


RESET 


Supply voltage 
detection circuit 


Fig.14 Example of reset circuit 
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RESET 
Internal RESET 


~ SYNC 


Address 


Data 


8~12 clock cycles 


Fig.15 Timing diagram at reset 


VO PORTS 


(1) 


Port PO | 
Port PO is an 8-bit output port with P-channel open 
drain and high voltage outputs (Vcc-36V). Each pin has 


a_ built-in pull-down transistor connected to Vp. As 


shown in the memory map (Figure 1), port PO can be 
accessed at zero page memory address O0OE04¢. 


_ Depending on the status of the processor status regis- 


ter (bit 0 and bit 1 of address OOFF,,), four different 
modes can be selected; single-chip mode, memory ex- 
panding mode, microprocessor mode, and eva-chip 


mode. These modes (excluding single-chip mode) 


have a multiplexed address output function in addition 
to the I/O function. For more details, see the processor 
mode section. | 
Port P1 

In the single-chip mode, Port P1 has the same function 
as PO. In the other modes, P1’s functions are slightly 
different from PO’s. For more details, see the processor 
mode section. 

Port P2 

Port P2 is an 8- bit 1/0 port with P-channel open drain 
outputs. As shown in the memory map of. Figure 1, port 
P2 can be accessed as memory at address 00E4,. of 
zero page. Port P2 has a directioanl register (address 
00E5,.) which can be used to program each individual 
bit as input (“0”) or as output (“1”). If the pins are 
programmed as output, the output data is latched to the 
port register and then output. When data is read from 
the output port the output pin level is not read, only the 
latched data in the port register is read. This allows a 


XE EEE NXE 
XXX KEKE KD 





Reset address from the 
vector table 


Note : Frequency relation of f(Xin) and dis (Xi) =4° 4. 
The mark “? ” means that the address is changing . 
depending upon the previous state. 


previously output value to be read correctly even 
though the output voltage level is shifted up or down. 
Pins set as input are in the high impedance state and 
the signal levels can thus be read. When data is writ-. 


_ ten into the input port, the data is latched only to the 


output register and the pin still remains in the high im- 
pedance state. | 

Port P3 

Port P3 is an 8-bit I/O port having CMOS outputs. Each 
pin is shared with serial I/O, timer overflow (T1, T2) 
and external interrupt input functions. These functions © 
remain the same even if the device is used in other 
modes. 
Port P4 
Port P4 is an 8-bit I/O port with CMOS outputs. During 
all modes except single chip mode, P4, and P4, func- 


tion as both SYNC and R/W outputs as well as I/O 
‘ports (see processor mode section). : 


Port R 


- Port R is a 4-bit input port. 
’ Port IN 


Port IN is an 8-bit input port to the A-D converter. It can 
also be used as an input port by reading the input data | 
into address 00EC,,g. However, this port cannot be read 
during A-D conversion. 

Clock ¢ output pin . 

This is the timing output pin. When selected the main 
clock (Xiy-Xour) as the internal system clock, the clock 
frequency divided by four is outputed. However, when 
selected the clock for clock function (Xcin-Xcour), the 
clock frequency divided by two is outputed. 





2—316 


MITSUBISHI 
ELECTRIC 


MITSUBISHI MICROCOMPUTERS 


MS0940-XXXSP/FP 
M50941-XXXSP/FP 


SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 





























- Ports PO,P1 
_ P-channel open drain high voltage port 
-with pull-down resistors 
Data bus -— Port latch Z * E 
| | > Ports PO, P1 
Ve 
Port P2 . 
Directional 
register 
<q High voltage I/O port . 
x with pull-down resistors 
Data bus Port latch . 
ee Port P2 
4] 
Vp 
Ports P3, P4 CMOS tri-state output 
Directional 
- register qT 
Ports P3, P4 
Port R Input * P-channel open drain high 
x voltage transistor 
Data bus . * > Mask option 
Port R 





Fig.16 Block diagram of port PO~P4 and port R (single-chip mode) 
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PROCESSOR MODE 

By changing the contents of the processor mode bit (bit 0 
and 1 of address OOFF,,), four different operation modes 
can be selected; single chip mode, memory expanding 
mode, microprocessor mode and evaluation chip (eva- 
chip) mode. In the memory expanding mode, microp- 
rocessor mode:and eva-chip mode, PO~P2 can be used as 
multiplexed I/O for address, data and control signals, as 
well as the normal functions of the I/O ports. Figure 18 
shows the functions of ports PO~P2, and P4 corresponding 
to each mode. 


The memory map of the single-chip mode is illustrated in 


Figure 1, and the other modes are shown in Figure 17. By 
connecting the CNVss to Vss, all four modes can be 
selected through software by changing the processor mode 
regsiter. Connecting CNVss to Voc automatically forces the 
microcomputer into microprocessor mode. Supplying 10V to 
CNVsg places the microcomputer in the eva-chip mode. 
The four different modes are explained as follows: 


Internal 
ROM 


00E8,, \\ P3 
00E015 f= NN 


aN 


Internal RAM 


0000;, 
Memory 
expanding mode 


Eva-chip - 
mode — 


Microprocessor 
mode 


Note 1 ° E0001, for M50941-XXXSP. 
2 >. OOBFig for M50941-XXXSP. 
The shaded area is external memory area. 





Fig.17 External memory area in processor mode 


(1) Single-chip mode (00) 
| The microcomputer will automatically be in the sinole: 
chip mode when started. from reset, if CNVss is con- 
nected to Vss. Ports PO~ P4 will work as original I/O 
ports. | 
(2) Memory expanding mode [01] 


The microcomputer will be placed in the memory ex-: 


panding mode when CNVsgg is connected to Vss and 
_the processor mode bits are set to “01”. This mode is 


used to add external memroy when the internal mem- 


ory is not sufficient. 


The lower 8 bits of address data for port PO is output 
when ¢ goes to the “H” state. When ¢ goes to the “L” 
state, PO retains its original I/O functions. 

Port P1’s higher 8 bits of address data are output when 
¢ goes to the “H” state and as it changes back to the 
“L” state it retains its original 1/O functions. __ 

Port P2 retains its original output functions while ¢ is at 
the “H” state, and works as a data bus of D7; ~ Do 
(including instruction code) while at the “L” state. 

Pins P4, and P4, output the SYNC and R/W control 
signals, respectively while ¢ is in the “H”’ state. 

When in the “L” state, P4, and P4p retain their enne. 
I/O functins. 

The R/W output is used to read/write from/to the out- 
side. When this pin is in the “H” state, the CPU reads 
data, and when in the “L” state, the CPU writes data. 
The SYNC is a synchronous signal which goes to the 


_“H” state when it fetches the OP CODE. 


Microprocessor mode [10] 

After connecting CNVss to Voc and initiating a reset, 
the microcomputer will automatically default to this 
mode. The relationship between the input level of 


CNVsgg and the processor mode is shown in. Table 2. 


In this mode, port PO and P1 are used as the system 
address bus and the original function of the I/O pin is 
lost. Port P2 becomes the data bus (D;~D,) and loses 
its normal I/O functions. Port P4, and P4) become the 
SYNC and R/W pins, respectively and the normal I/O 
functions are lost. 

Eva-chip mode [11] | 

When 10V is supplied to the CNVss pin, the micro- 
computer is forced into the eva-chip mode. This mode 
has almost the same function as the memory expanding 
mode except that it needs all its programs to come 
from the outside (including ROM programs). The main 
purpose of this mode is to evaluate ROM programs 
prior to masking them into the microcomputer’s internal 
ROM. 
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Single-chip mode Memory expanding mode Eva-chip mode . Microprocessor mode 


Port PO Ports P0,~P0, Ports P0,;~P0, Same as left Ports P07~PQo 
Address Output Address 


Port P1 Ports P1;~P1, | Ports P17~P9 Sane as ien Ports P17~P 1, 
Address Output Address 


: : f 
Ports P2,;~P2y Ports P2;~P2, mame eset Ports P27~P2, 
Output Data ete Fa Data 
X vo ren XK See Xoo, 


Ports P47~P4p Ports P47~P4, : | Ports P47;~P42 
/O Pott 1/O Port - I/O Port 


Port P4 Same as left 
Port P4, Port P4, ; 


SYNC (1/0 Port ) | SYNC 


Port P4, | Port P4 





Fig.18 Processor mode and functions of ports PO~P2, P4 


Table 2. Relationship between CNVss Pin Input Level and Processor Mode 


Explanation 


* Single-chip mode The single-chip mode is set by the reset. 
- © Memory expanding mode | All modes can be selected by changing the processor mode bit with the program. 


* Eva-chip mode 
* Microprocessor mode 


Voc ¢ Eva-chip mode The microprocessor mode is set by the reset. | ; 
1 * Microprocessor mode Eva-chip mode can be also selected by changing the processor mode bit with the program. 


| 10ve—s * Eva-chip mode Eva-chip mode only. . 
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CLOCK GENERATING CIRCUIT 

The M50940-XXXSP has two internal clock generating cir- 
cuit. Figure 21 shows a block diagram of the clock generat- 
ing circuit. Normally, the frequency applied to the. clock in- 
put pin X,, divided by four is used as the internal clock 
(timing output) ¢. Bit 7 of serial I/O.mode register can be 
used to switch the internal clock ¢ to 1/2 the frequency ap- 

- plied to the clock input pin Xo. 

Figure 19 shows a circuit example using a ceramic (or 
crystal) oscillator. Use the manufacture’s recommended 
values for constants such as capacitance which will differ 
depending on each oscillator. When using an external clock 
signal, input form the Xiy (Xcin) pin and leave the Xour 
(Xcour) pin open. A circuit example is shown in Figure 20. 
~The M50940-XXXSP. has two low power dissipation modes; 
stop and wait. The microcomputer enters a stop mode 
when the STP instruction is executed. The oscillator (both 
Xin Glock and Xo clock) stops with the internal clock ¢ 
held at “H” level. In this case timer 1 and timer 2 are forc- 
ibly connected and ¢/4 is selected as timer 1 input. Before 


executing the STP instruction, appropriate values must be. 


set in timer 1 and timer 2 to enable the oscillator to stabil- 
- ize when restarting oscillation. Before executing the STP 
instruction, the timer 1 count stop bit must be set to supply 


(“0”), timer 1 interrupt enable bit and timer 2 interrupt en-— 


able bit must be set to disable (“0”), and timer 2 interrupt 
request bit must be set to no request (“0”). 


Oscillation is restarted (release the stop mode) when INT,,. 





INTs, or serial I/O interrupt is received. The interrupt en- 


able bit of the interrupt used to release the stop mode must 


be set to “1”. When restarting oscillation with an interrupt, 
the internal clock ¢is held:“H” until timer 2 overflows and 
is not supplied to the CPU. When oscillation is restarted by 





reset, “L” level must be kept to the RESET pin until the 


oscillation stabilizes because no wait time is generated. 
The microcomputer enters a wait mode when the WIT in- 


struction is executed. The internal clock ¢stops at “H” 
level, but the oscillator does not stop. ¢ is re-supplied (wait. 


mode release) when the microcomputer is reset or when it 
receives an interrupt. Instructions can be executed im- 
mediately because the oscillator is not stopped. The inter- 
rupt enable bit of the interrupt used to reset the wait mode 
must be set to “1” before executing the WIT instruction. 

Low power dissipation operation is also achieved when the 
Xin Clock. is stopped and the internal clock ¢is generated 


from the Xo clock (120A max. at f(Xoin) = 32kHz). Xin 


clock oscillation is stopped when the bit 6 of serial |/O 
mode register (address 00F6,,) is set and restarted when 
it is cleared. However, the wait time until the oscillation sta- 
bilizes must be generated with a program when restarting. 
An “L” level must be kept to the RESET pin until the 
oscillation stabilizes when resetting while the Xj, clock is 


-stopped. Figure 22 shows the transition of states for the 
system clock. | 
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Xin Xout Xcin Xcout 


os Four A ee peor 





Fig.19 External ceramic resonator circuit 


MS0940-XXXSP 


Xin Xour ~ Xow Xcour 


29 . - 31 


Open External Open 


oscillating 
circuit 


External 
oscillating 
Circuit 


Fig.20 External clock input circuit 
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rd 








, Timer 1 count 
Internal 7 
system ; source selection TM2 


clock source . . 
selection SM, 


System clock 
stop bit 
SMe 
Internal clock 
timing output ¢ 


STP WIT STP instruction 
instruction instruction 


Reset Interrupt control register 
<4 _ . (Address O0FE,,) 
Interrupt 
dis fe 
- ae INT, interrupt enable | 
__ INT, interrupt request 
—y Timer 1 interrupt enable ! 
Cf Timer | interrupt request | 
| (or A-D) 


Timer 2 interrupt enable 
Timer 2 interrupt request 


_ Timer 3 interrupt enable 


(or serial 1/0). . 
Timer 3 interrupt request 
(or serial I/O) 


INT2 interrupt enable — 
INT. interrupt request 








Fig.21 Block diagram of clock generating circuit | <0 | : 
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RESET 








WIT instruction 
—S—_——————— 


STP instruction 






4MHz oscillation 









32kHz oscillation 4MHz oscillation 4MHz oscillation STOP 
$=STOP (“H”) 32kHz oscillation 32kHz oscillation STOP 
| =I ¢=STOP 
Timer action ———— ¢ =1MHz fi the a | 
Interrupt 





Interrupt (Note 1) 


cat interrupt 


External interrupt 
serial 1/O ) 


timer interrupt 
‘serial |/O interrupt 


SM7=0 


SM,=1 



















WIT instruction 
—____ 





STP instruction 
—_—_—_— 


4MHz oscillation 
32kHz oscillation 
¢ =STOP 


Timer action (Note 3) 


4MHz oscillation STOP | 
32kHz oscillation STOP 
¢=STOP 


4MHz oscillation 
32kHz oscillation 
¢ =16kHz 





—— 
Interrupt 
Interrupt (Note 1) 


SM.=1 SM.s=0 (Note 2). 



























STP instruction 
Spe athe a 


4MHz STOP 
32kHz oscillation 
¢ =STOP 
Timer action (Note 3) 


4MHz STOP 
32kHz oscillation 
$=16kHz 


4MHz oscillation STOP 
32kKHz oscillation STOP 


: ¢ =STOP 
Interrupt 


Interrupt (Note 1) 


Note 1. At recovery from the STP instruction, wait time occurs automatically by connecting timer 1 and timer 2. This tim 
is set by the program. © ar 


2. When SM.e=1, and unsystem clock is operated, a programmed wait time may be necessary to allow the oscila- 
tor stabilize. . 


3. When connected the clock divided by four as the count source of timer, frequency of count source is 4kHz. 


Fig.22 Transition of states for the system clock 
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<An example of flow for system> 


Power on reset 
Clock X and clock for clock function Xc¢ oscillation 
Internal system clock start (X -1/4— ¢) 


Normal operation _ 
Program start from RESET vector 


Normal program +Operation at 4 MHz 


Internal clock ¢ source switching X( 4 MHz) Xe (32. 768KHz)(SM7: 0-1 ) 
Clock X halt (X¢ in operation)(SMz: 1 ) 
Internal clock halt (WIT instruction) 


Operation on the Timer 3 (clock count) overflow 


clock function 


only -Internal clock operation start (WIT instruction) 


Clock processing routine + Operating at 32. 768kHz 


a Se —_—_—_——' X—hReRRy aay rn i ee i 
-“_ -_ + -_ n~ + + + -_ -_ + + te Dod -_ “_ + + +-_ -_ a -_ + + 
~~ 
oe . 


Internal clock halt (WIT instruction) 





Interrupts from INT, timer 2, timer 3 or serial 1/O, INT2 (BRK instruction) 
Internal clock operation start (WIT instruction released) 
Program start from interrupt vector 


Clock X oscillation start (SMz : 0 ) 
Return from 


clock function a ; ; : . 
Oscillation rise time routine (software) Operating at 32. 768KHz 


Internal clock ¢ souce switching (Xoc—>X)(SM7: 170) 


Normal program Operating at 4MHz 


STP instruction preparation (pushing registers) 


Timer 1, Timer 2 interrupt disable, Timer 2 interrupt request bit reset (TMs = 0, IMs= 0, IM,= 0 ) 
R AM backup | 


function Timer 1 count stop bit resetting (TW, = 0) 


Clock X and clock function X¢ halt (STP instruction) 


RAM backup status 


Interrupts from INT, or serial I/O, INT2 
Clock X and clock for clock function Xo oscillation start 


Timer 2 overflow (X/16 or X¢/8—timer 1—timer 2) - 


R AM return (Automatically connected by the hardware 


from RAM 


backup function Internal system clock start (X/4 or X¢/2->¢) 


v 
Program start from interrupt vector 


Normal program 
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PROGRAMING NOTES 

(1) The frequency ratio of the timer is 1/(n+1). (n=0~ 
255) 

(2) Even though the BBC and BBS insinaetions are ex- 
ecuted after the interrupt request bits are modified (by 
the program), those instructions are only valid for. the 
contents before the modification. Also, at least one in- 
struction cycle must be used (such as NOP) between 

the modification of the interrupt request bits and the 
execution of the BBC and BBS instructions. 

(3) When the timer 1, timer 2, or timer 3 is input the clock 
except ¢/4 or it divided by timer, read the contents of 
these timers either while the input of these timers are 
not changing or after counting of timers are stoped. 

(4) After the ADC and SBC instructions are executed (in 
decimal mode), one instruction cycle (such as a NOP) 
is needed befoer the eee CLC, or CLD intructions are 

executed. 

(5) A NOP instruction must be iséd after the execution of 

a PLP instruction. 

Notes on serial |/O ~ 
Set “O” in the serial I/O interrupt enable bit (bit 2 of 
address 00FE;,) before setting the serial I/O mode. 

_Insert at least one instruction and set “O” in the serial 

I/O interrupt request bit (bit 3 of address OOFE,,) after 

setting the serial |/O mode. 

Set “1” in the serial !/O interrupt enable bit after the 

operation described in ©. 

The timer 1 and the timer 2 must be set the necessary 
value immediately before the execution of a STP in- 

struction. 

Notes on A-D conversion 

Set “0” in the A-D interrupt enable bit (bit 6 of address 

OOFF,.) before setting A-D conversion. 

Insert at least one instruction and set “O” in the A-D in- 

terrupt request bit (bit 7 of address OOFF,,) after set- 

ting the A-D conversion. 

Set “1” in the A-D interrupt enable bit after the opera- 

tion described in @. | 

@ Set “O” in bit 3 of the A-D control register (address 
00F3,,) before using a STP instruction. 


Soe Go. 6 6s 


gs 


DATA REQUIRED FOR MASK ORDERING 
Please send the following data for mask orders. 

(1) mask ROM confirmation form 

(2) mark specification form 


(3) ROM RA oot cute tides ae bachceeataeaeadens EPROM 3 sets 
Write the Mowing oo on the mask ROM confirmation 
form 


@ Port P3 pull-up transistor bit 
@ Port P4 pull-up transistor bit 
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ABSOLUTE MAXIMUM RATINGS 


[symbor_[_—~Saramter —=C*~“‘“‘*SCSCSC*SCSOOSC~*~*~*~«G anions” —=—=S~*~*~“~*~*~;CS*~“C*~*‘ gs ~SSSS*d?SC = 
v 

Pull-down input voltage 
Input voltage CNVss 
Input voltage Ro~Rs, Xin, Xcin, RESET With respect to Vss 
Input voltage P39~P37, P4p~P47, INo~I!IN7, Vrer output transistors are at “OFF” state. 



















| 
Pra [Power dissipation TSS*d Tg mi 


Note 1. 600mW for QFP type. 











RECOMMEND OPERATING CONDITIONS 


(Vec= 5V410%, Ta=—10~70°C, unless otherwise noted) 


Limits 
Symbol Parameter Unit 
j symo Min. | Nom. [Ma 


x, 
te 
iXwetMe | S| | CB] 
Ve | Pultdown supply voltage —SSSSC*d Mew 86| «dC ‘| 
fb Wee 4 Supply voltage 
| Vin | "H” input voltage P3p~P3r, P4o~P4r, INO~IND.CNVss |. 0.8Vcc | | Veo | Vv | 


Vss 
1H “H” input voltage Ro~ Rs V 
1H 
1H 
IL 
IL 
IL 
IL 
IL 


< 


‘le 


< 


f 


“H” input voltage RESET, Xin, Xo | 


| Vic _| “L” input voltage P3y~P37, P4o~P47, INo~IN7, CNVss | 0 


V 
V 
V 
V 
V “L” input voltage Ro~R3 
V 
V 
V 





“L” input voltage RESET 


Mie | “L” input voltage Xin, Xcin 
“L” input voltage P29>~P27 


lon¢sum) | “H” sum output current POg~P07, Plo~P17, P29~P27 


“H” sum output current P39~P37, P49~P47 

“H” peak output current PQo~P07, Plo~P17, P29~P27 
“H” peak output current P39~P37, P49~P47 

“L" peak output current P39~P37, P4g~P47 

“H” average output current PQo~P0;, P19~P1z, P29~ P27 
“H” average output current P39~P37, P49~P47 


“L” average output current P39~P37, P49~P47 


Clock oscillating frequency 
f Clock oscillating frequency 
(cin? for clock function 


Note 1. The maximum “H" input voltage for CNVss is +12V. 
2. The duty cycle for these oscillation frequency is 50%. ; 
3. When the low speed mode is used, the clock input oscillation frequency for the timer must satisfy 
the following expression : 
{(Xoin) <(X,.)/ 3 
4. The avarage output current lon(avg) and lo.(avg) are the average value during a 100ms cycle. 
5. f(x,y) Must be less than 50kHz when the external clock is to be used. 
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ELECTRICAL CHARACTERISTICS (vec=5v+10%, Vss=0V, Ta=25, 1(X,,)=4MHz, unless otherwise se) 


Symbol 


“H” output voltage P3p~P37, P4g~P47 


Vec=5V, lon=—SmA 
Vec=3V, lon=—1. 5mA 


Von 


Von “H” output voltage POg~~P07, Plo~P17, P29~P27 


Vec=3V, lox=—3mA 
Voc=5V, loL=10mA 
Vec=3V, lo-=3mA 
Voc=5V, loc=2. 5mA 
Vec=3V, lot =0. 8mA 
use as interrupt 


“Lu” output voltage P39~P37, P4g~P47 





VoL: 
L ‘ 


“L” output voltage ¢ 


Vo 
Hysteresis P39/INTo, P3,/INT; | 
Hysteresis RESET. 


input 
Vec=5V 
Vec=3V 

use as CLK © 
input 
Vec=5V 
Vec=3V 
Vec=5V 
Vec=3V 
V,=0V without 
pull-up Tr. 
Vi=OV, with — 
pull-up Ty. 





“L” input current P39~P37, P4g~P47 





“L” input current INo~IN7 


Vi=0V 





“H” input current INg~IN7 
reading operation V;= 

“H” input current P29~P27 

normal operation V;= 

Vi=5V 

Vi= 

Vp=Vec—36V, Vor=Vec 


“H” input current RESET, Xin, Xcin, Ro~Rs3 


“H” input current Vrer 


“L” output current POg~PO07, Plo~P17, P29~P27 | 





Open output ports, 
Ve=Vec, 
input port is Vss, 














at normal operation. 





Open output ports, 
Vp=Vec, 

input port is Vss, 
at wait mode. 







Open output ports, 






Vp=Voc, input portis Vss, 
Supply current ; 

at normal operation, stop 
Xin and Xgut, Xcin=32kHz. 


Open output ports, 














Vp=Vec, input portis Vss, 
at wait mode, stop 
Xin and Xout, Xcoin=32kHz. 


Stop all oscillation. 


at A-D converting time 


Supply current for A-D 
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Vec 
Xin RESET 


Output pins open 
a P X, =4MHz Ceramic resonator 


X> =32. 768kHz Quartz crystal 
2 ; resonator 


C, =C, =150pF 
R, =]1M2 


C3 =10pF 
C, =30pF 
R2 =10MQ 
R3 =100k0 





Fig.23 Test circuit for measuring supply current 


A-D CONVERTER CHARACTERISTICS (Vcc=5v, Vss=0V, Ta=25°C, f(Xin) =4MHz, unless otherwise noted) 


Parameter Test conditions Unit 


win [tye | Mae 
2 CO 
[Absolute accuracy SSSCS~S~*~d ANT SSC*iSid ids 
a a 
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in = arma ee ee ee 
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TIMING REQUIREMENTS _ 


Single-chip mode (Voc= 5V+10%, Vss=OV, Ta=25°C, f(x,)= 4 MHz unless other wise noted) 


. Limits 
Typ 


77) 


Unit 






Test conditions 





Port P3 input setup time 


Port P4 input hold time 
Port R input hold time 


th (¢-IND) Port IN input hold time 
External clock input cycle time (Xn) 
External clock input pulse width (Xn): 
: ime ( 


nN POPP] PO] PLM 
WIDNITDMTMOLMOLNOININ INI NIN 
CO;OlLOlSOs/Osl/Os;/O};Ol/O;/@O;oO 







NO] PO 
ol 


~“l 


5 





Memory expanding mode and eva-chip mode 


| “(Vec=5V410%, Vss=O0V, Ta=25°, fix,y)= 4 MHz unless otherwise noted) 


Port P2 input setup time 
th( g—p2D) Port P2 input hold time 





Microprocessor MOde (Vcc=5V+10%, Vss=OV, Ta=25C, fix,)= 4 MHz unless otherwise noted) 


Port P2 input setup time > 
this_p2p) _| Port P2 input hold time | : 
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SWITCHING CHARACTERISTICS 


Single-chip MOde (Vcc=5V+10%, Vss=0V, Ta=25°, fix,)= 4 MHz unless otherwise noted) 


In. 


win 

ees 
Some 

a 

i 

—_a 







Unit 






Typ. 






Port P2 data output delay time. 


Memory expanding mode and eva-chip mode | 
(Vec=5V410%, Vss=OV, Ta=25°, fix,y)= 4 MHz unless otherwise noted) 


; 
Symbol Parameter Test conditions : 











Unit 
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Port P1 data output delay time 
Port P2 data output delay time 


(s) 
oO 
oOo 


td( ¢g—p2aF) Port P2 data output delay time 
R/W signal output delay time . 


NO | @ 
o1} © 
ale 


N 
ol 
Oo 


td(¢—R/we) R/W signal output delay time 
td(g—Pp4,Q) Port P4o data output delay time 
Port P4, data output delay time 





N}RM 
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O}O 


N 
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Fig.24 Test circuit of ports P3 Fig.25 Test circuit of ports PO, 
and P4 P1, and P2 
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TIMING DIAGRAMS 


In single-chip mode 


Port PO output 


Port P1 output 





td (g—p2a) 


Port P2 output, | 






tsu (p20—4) 
Port P2 input 
th (¢—P2D) 
td (¢—-P3q) 
Ls] “ 
_ Port P3 input = : 
th (¢—P3p) 
Port P4 output 
Port P4 input | 
rf _ 
Port R input 
a ~ 
Port IN input 
th (¢—-IND) 


to(xy) or te(xein) 
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In memory expanding mode and eva-chip mode 





td (¢—poa) td (¢—PoaF) td (¢—Poar) 








Port PO output 


td (¢—PiarF) 


Port P1 output 





td (¢—P1Q) 


td (¢—p2q) td (¢—P2aF) 


por Pe eat XS XD 





tsu (p20— ¢) 


Port P2 input 
th (¢—p2p) 
, td (¢-R/w) td (g—R/we) td (¢—Pagar) 
port Pho ouput (RM OX 






td (¢—P49Q) 






td (¢—syNncF) - td ($—P4,QF) 


(XX 


td (d—P4,Q) 


Port P4, output (SYNC) > as > 





MITSUBISHI : | 2 _ 
ELECTRIC | | 2—33] | 


MITSUBISHI MICROCOMPUTERS 


M50940-XXXSP/FP 
M50941-XXXSP/FP 


SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 





In microprocessor mode 


Port PO output 


Port P1 output 


Port P2 output 


Port P2 input . 


Port P4) output (R/W) | 


Port P4, output (SYNC) 





td (¢—poa) 


ee a) 


eas) ees 


td (¢—P2q) td (¢—p2aF) . 
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tsu (p20—¢) 


th (¢—p2p) 
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DESCRIPTION _ 
The M50943-XXXSP is a single-chip microcomputer de- 
signed with CMOS silicon gate technology. It is housed ina 


PIN CONFIGURATION (TOP VIEW) 














: ‘ . AVss 64] — IN1 
64-pin shrink plastic molded DIP (flat package type also iouncodnn Noe <i 
available) . This single-chip microcomputer is useful for — | Rerefence Vseu —IN3 
; oe Itage i 
business equipment and other consumer applications. akties AVoc — IN4 } Input port IN 
In addition to its simple instruction sets, the ROM, RAM, Pw output “py —IN5 
por 
and 1/O addresses are placed on the same memory map to | NC — IN6 
enable easy programming. P2, ++ + IN7 
The differences between the M50943-XXXSP and the P26 Veco 
M50943-XXXFP are the package outline and power dis- | P2s =~ 13] = PQo 
sipation ability (absolute maximum ratings). » I/O port P2 ie oe 
P23 a. = PO. 
P2.++ +> PO 
DISTINCTIVE FEATURES hes - os I/O port PO 
e Number of basic instructions eoveee Perr rre eee eee ee ee ee ee ie 69 po, ++ < oo POs 
& Memory size ROM crreT eres Sheseeernocrvereneeseere 8192 bytes P3,/Sprov ae e vas PO. 
RAM CO meme merece ee nee serereese re nesesees 192 bytes | P3./CLK + cs Pare PO, | 
@ Instruction execution time P35/Sour ** x ad wal 
setters 1s (minimum instructions at 8MHz frequency) VO port | P3a/Sim = > ital 
@ Single power supply f(Xiy)=8MHz er 5V+10% P33 + ae) made a 
@ Power dissipation is sa ve 7 1/O port P1 
normal operation mode (at 8MHz frequency) -:--30mW ae ie 
@ Subroutine nesting se 96 levels (Max.) ieee, aes oe 
e Interrupt TEC CR eR ee 8 types, 5 vectors .% 3 INT, _ Be on 
: nterru 
@ 8-bit timer: 3 (2 when used as A-D or serial I/O) input | INTs NC 
@ Programmable I/O ports (Ports PO, P1, P2, P3, P4)---- 36 CNVss NC 
@ Input ports (Port IN) SLiSeeewintd aso bcd dealer Sra sini @ Sig Soe Gai SS ard nbtete ere 8 Reset input RESET — > P4, 
@ Serial I/O (8-bit) soiduasi avd nb aaa fale ane wi 56) a/a:ehwlaieyosals 6.5, 6's asia’ aie tuoreieve ale (Siviehole isis { Clock input Xin — > P4, Wensan = 
@ A-D converter: ss: st 8-bit successive approximation Clock output) =» Xout + ++ P45 
@ PWM Function cerrcrcrcrc eee eee t eee e tee eeeneeeneeeeeeneeeeeeeeeeees ] Timing output oo ++ P4, 
, oiipit RESET our*— Timing output 
APPLICATION 
Office automation equipment 
VCR, Tuner, Audio-visual equipment 
Camera, Air conditioner 
IN7 — [46 a2 > Pig 
IN5 — [48] +> P4, 
IN4 — [49]. +> PA, 
IN3— +> P4, 
IN2 —> 51 . +> P4, 
IN1 — — 2¢ 
AVss Vss 
INO — — RESETour 
VREF —>¢ 
AVcc + Xour 
PWM = Xin i 
P27 «> . + RESET © 
P25 CNVss 
P2, + [60] . — INT? 
i] IB isi I Lele ha is] | 
eo a a ee ae a ee a | 
TON §— O>Y KF ZO N K Oe 
saad des soke LES 
pe O 
mo o 
aaa 


Outline 60P6 * No connection 





MITSUBISHI he 
ELECTRIC a a 





. VEE—C 


_9mu03a1g 
IHSISASLIA. r : 
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Clock Clock. Tim Reset 7 Interrupt Interrupt Reset a ae 
input’ output. ._ ‘Timing output output input input nut (Gv) (SV) (ow (ov) (ov) Reference voltag 
Xin Xout ¢ : 2¢ RESETour INT> INT) Vee Vcc Vss AVss CNVss Vaer 


fe soe aes Re mk met 


Clock generating 
circuit 
Timer 1 > || 
T1(8) 
Instruction 
“TT (8) 
eS 2 a 


(8) 2a 
decoder 




















ROM 
“8192 bytes 


RAM 









Program 
counter 


PC_(8) 


' Program 
counter 


PCu(8) 







192 bytes 




























































8-bit | Control 
arithmetic Timer X signal 
acc Processor Index Index Stack TX(8) 
; Accumulator status ‘ ; PWM 
logical unit A(8) register register register pointer control 
os PS(8) xX(8) (8) - §(8) circuit 


P(8) | Pas) | ee to i | Poe) 


ja a i a a 


HiiZ@ZkagZee 
We eal § WI Tl 
- Sibbddde 669169 -COEDNEEE—- Aoeiiorses YONI MODIS ODDIE 
Input port IN. /O port P4 1/0 port P3 | VO potP2 ~ VOpotP! ——~«MO port PO > nin 
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FUNCTIONS OF M50943-XXXSP 









Parameter 





Number of basic instructions | FO ade ea ee ee 
Instruction execution time lus (minimum instructions, at 8MHz frequency) 

















Memory size 
RAM 192bytes 
; 1-bitx2 
4-bitX1 (P4) 
8-bitX4 (a part of P3 are common with serial I/O) 


Input/Output ports 






Serial 1/0 8-bitX1 
8-bit prescalerX2+8-bit timerX3 


Timers ; ; 
(2 when A-D conversion or serial 1/O is used) 


Subroutine nesting 96 levels (max.) 


Two external interrupts, Three internal timer interrupts. 
(2 of timer interrupts are in common with A-D conversion and serial I/O) 


Clock generating circuit Built-in (ceramic or quartz crystal oscillator) 



















Interrupts 















Supply voltage . 5V+10% 
Power dissipation at high-speed operation 30mW (at 8MHz frequency) 













Input/Output characteristics F 
Operating temperature range —10~70C . 
M50943-XXXSP 64-pin shrink plastic molded DIP 
Package 
M50943-XXXFP 60-pin plastic molded QFP 
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PIN DESCRIPTION 














. Functions 


90 
Pin 
; Output 
Voc Supply voltage 

Vss ; 


Power supply inputs 5V10% to Vcc, and OV to Vgs. 


This is usually connected to Vgs. | 


Reset input Input To enter the reset state, the reset input pin must be kept at a “L” for more than 2us (under normal Voc 
conditions). If more time is needed for the crystal oscillator to stabilize, this “L” condition should be main- 




















tained for the required time. 


Clock output | output | 
Timing output F ouput 
Timer I/O 
INT2 
PO 





This chip has an internal clock generating circuit. To control generating frequency, an external ceramic or a 
quartz crystal oscillator is connected between the Xjy and Xour pins. If an external clock is used, the clock 


Output source should be connected to the X\, pin and the Xour pin should be left open. 





This is the timing output pins. 


This is an output pin for the timer X. 


ieee Interrupt input This is the lowest order interrupt input pin. — 


/0 
/O. 













Port PO is an 8-bit 1/O port with directional registers allowing each'l/O bit to be individually programmed as 
input or output. At reset, this port is set to input mode. 
The output structure is CMOS output. 


o~PO, | 1/0 portPO / 


I/O port P1 | Port P1 is an 8-bit [/O port and has basically the same functions as port PO. 


P1o /0 
P29~P27 | I/O port P2 I/O Port P2 is an 8-bit I/O port and has basically the same functions as port PO. 
0 /O 


P39~P37 | I/O port P3 


4 
5 
— 


INO~IN7Z | Analog input port IN 


* RESETour | Reset output 


| VreF Reference voltage 
input 


Voltage input for A-D 























| Port P3 is an 8-bit I/O port and has basically the same functions as port PO. When serial I/O is used, P37, 


P3., P3s, and P34 work as Sarpy, CLK, Sour, and Sin pins, respectively. 


1/0 Port P4 is an 8-bit I/O port and has basically the same functions as port PO. 
Port P5 is an 8-bit input port. . 


This is output pin from the pulse width modulator. 
The output structure is N-channel open drain. 
















Input 


This is an 8-bit analog input port for the A-D converter, and can be used as normal input port. 





Output This pin outputs the reset signal for peripheral devices. 


This is the reference voltage input pin for the A-D converter. 


This is the power supply input pin for the A-D converter. 
This is GND input pin for the A-D converter. 









Voltage input for A-D 
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BASIC FUNCTION BLOCKS 


MEMORY 

A memory .map for the M50943-XXXSP is shown in Figure 
1. Addresses E000,, to FFFF,, are assigned to the built-in 
ROM area which consists of 8192 bytes. 

Addresses FF00,, to FFFF,, are a special address area 
(special page). By using the special page addressing 
mode of the JSR instruction, subroutines addressed on this 
page can be called with only 2 bytes. Addreeses FFF4;, to 
FFFF,, are vector addresses used for the reset and inter- 





rupts (see interrupt chapter). Addresses 0000,, to OOFF;, 
are the zero page address area. By using the zero page 
addressing mode, this area can also be accessed with 2 
bytes. The use of these addressing methods will greatly re- 
duce the object size required. The RAM, I/O port, timer, 
etc., are assigned to this area. 

Addresses 0000:¢, to OOBFi, are assigned to the built-in 
RAM and consist of 192 bytes of static RAM. In addition to 
data storage, this RAM is used for the stack during sub- 
routine calls and interrupts. 








Decimal 
0000 : 
: 7 
RAM / Q0E116} Port PO directional register 
ae’ A 
(192 bytes) : / Q0E216} Port P1 
oa . 4 . . . 
00E31¢| Port Pl directional register 
OOBF;, Wo” ii = 
Not used ¥ ‘ 00E5;6] Port P2 directional register 
7 
00E0i, BOE IE 
OOFF< 255 OOE8i6} Port P3 
00E91¢} Port P3 directional register 
\ OOEBie| Port P4 directional register 
\ 
\ ; 
\ 
\ 
\ Q0F216} A-D start address 
\ 
FF00,, : ORES A-D control register 
: 00F5i¢6] PWM control register 
O0F6i¢ Serial I/O mode register 
ROM ; \ O0OF71.6} Serial |/O register 
(8192 bytes) \ 
Special a) 
page for see : OOF9i¢] Timer 1, 2 prescaler 
subroutine 16 Address L ; INT» 
. \ 
S/O ortimer2 "OOF Bi 
Address H Timer 1 or A-D : OOFCi6] Timer X prescaler | 
TimerX —\  QOFDie|TimerX | 
Add L aa 
INT, ' OOFE;¢] Interrupt control register 
FFFF 1, Address H , QOOFFi6} Timer control register 





Fig.l Memory map 
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CENTRAL PROCESSING UNIT (CPU) 


The CPU consists of 6 registers and is shown in Figure 2. 


ACCUMULATOR (A) 

The 8-bit accumulator (A) is the main register of the micro- 
computer. Data operations such as data transfer, Input/Out- 
put, etc., are executed mainly through accumulator. 


Accumulator 
Index register X 
Index register Y 
Stack pointer 


Program counter 


Fig.2 Register structure 


7 7 0 


INDEX REGISTER X (xX) 

The index register X is an 8-bit register. 

In the index addressing mode, the value of the OPERAND 
added to the contents of the register X, specifies the real 
address. When the T flag in the processor status register is 
set to “1”, the index. register X itself becomes the address 
for the second OPERAND. 


INDEX REGISTER Y (Y) 

The index register Y is an 8-bit register. 

In the index addressing mode, the value of the OPERAND 
added to the contents of the register Y specifies the real 
address. 


Processor status register 


Carry flag . 

Zero flag 

‘nicenial disable flag 
Decimal mode flag 

Break flag 

Index X mode flag | 

Overflow flag 


Negative flag 
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STACK POINTER (S) 

The stack pointer (S) is an 8-bit register that contains the 
address of the next location in the stack. It is mainly used 
during interrupts and subroutine calls. The stack pointer is 
not automatically initialized after reset and should be initial- 
ized by the program using the TXS instruction. | 

The location of the stack can be determined by the stack 
page bit (bit 4 at address OOFF,,). When bit 4 is “0” and 
~ the contents of the stack pointer is XX1., the stack address 
is set to OOXX,,¢. When bit 4 is “1”, the stack address is set 
to 01XX,,. When using this microcomputer in the single- 
chip mode, the stack page bit must be “O” and the stack 
pointer should be set at the bottom address of the internal 
RAM. "4 

When an interrupt occurs, the higher 8 bits of the program 
counter are pushed into the stack first, and then the lower 8 
bits of the program counter are pushed into the stack. After 


each byte is pushed into the stack, the stack pointer is de- © 


cremented by one. Next, the contents of the processor sta- 
tus register are pushed into the stack. When the return from 
interrupt instruction (RT!) is executed, the program cqunter 
are processor status register data is pulled off the stack in 
reverse order from above. 

The Accumulator is never pushed into the stack automati- 
cally. A Push Accumulator instruction (PHA) is provided to 
~ execute this function. Restoring the Accumulator to its pre- 
vious value is accomplished by the Pull Accumulator in- 
struction (PLA). It is executed in reverse order of the PHA 
instruction. | | 

The contents of the Processor Status Register (PS) are 
pushed (pulled) to (from) the stack with the PHP and PLP 
instructions, respectively. Only the program counter is 
pushed into the stack during a subroutine call. Therefore, 
any registers that should not be destroyed should be 


pushed into the stack manually. The RTS instruction is: 


used to return from a subroutine. 


PROGRAM COUNTER (PC) | 

The 16-bit program counter consists of two 8-bit registers 
PCy, and PC,. The program counter is used to indicate the 
address of the next instruction to be executed. 


PROCESSOR STATUS REGISTER (PS) 
The processor status register is composed entirely of flags 
used to indicate the condition of the processor immediately 
after an operation. Branch operations can be performed by 
testing the Carry flag (C), Zero flag (Z), Overflow flag (V) 
or the Negative flag (N). Each bit of the register is ex- 
plained below. 


1. Carry flag (C) | : 

The carry flag contains the carry or borrow sence by 
the Arithmetic and Logical operation Unit (ALU) im- 
mediately after an operation. It also changed by the shift. 
and rotate instructions. The set carry (SEC) and clear carry 
(CLC) instructions allow direct access for setting and 
clearing this flag. | | 


2. Zero flag (Z) 

This flag is used to indicate if the jnmeaiate operation 
generated a zero result or not. If the result is zero, the zero 
flag will be set to “1”. If the result is not zero, the zero flag 
will be set to “0”. 


3. Interrupt disable flag (1) 

This flag is used to disable all interrupts. This is accom- 
plished by setting the flag to “1”. When an interrupt, this 
flag is automatically set to “1” to prevent other interrupts 
from interfering until the current interrupt is completed. The 
SEI and CLI instructions are used to set and clear this flag, 
respectively. 


4. Decimal mode flag (D) 

The decimal mode flag is used to define whether addition 
and subtraction are executed in binary or decimal: If the 
decimal mode flag is set to “1”, the operations are ex- 
ecuted in decimal, if the flag is set to “0”, the operations 
are executed in binary. Decimal correction is automatically 
executed. The SED and CLD instructions are used to set 
and clear this flag, abe 


5. Break flag (B) 


When the BRK instruction is executed, the same Bpsraions 


are performed as in an interrupt. The address of the inter- 
rupt vector of the BRK instruction is the same as that of the 
lowest priority interrupt. The contents of the B flag can be 
checked to determine which condition caused the interrupt. 
If the BRK instruction caused the interrupt, the break flag 
will be “1”, otherwise it will be “0”. 


6. Index X mode flag (T) | 

When the T flag is “1”, operations between memories. are 
executed directly without passing through the accumulator. 
Operations between memories involving the accumulator 
are executed when the T flag is “O” (i.e., operation results 
between memories 1 and 2 are stored in the accumulator). 
The address of memory 1 is specified by the contents of 
the index register X, and that of memory 2 is specified by | 
the normal addressing mode. The SET and CLT instructions 
are used to set and clear the index X mode flag, respec- 
tively. 
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7. Overflow flag (V) 


The overflow flag functions when one byte is added or sub- 


tracted as a signed binary number. When the result ex-. 


ceeds +127 or —128, the overflow flag is set to “1”. When 
the BIT instruction is executed, bit 6 of the memory location 
is input to the overflow flag. The overflow flag is reset by 
the CLV instruction and there is no set instruction. 


' 8. Negative flag (N) | | 
The negative flag is set whenever the result of a data trans- 
fer or operation is negative (bit 7 is set to “1”). Whenever 
the BIT instruction is executed, bit 7 of the memory location 
is input to the negative flag. There are no instructions for 
directly setting or resetting the negative flag. 


Table 1 Interrupt vector address and priority 


RESET | _ FFFFy6, FFFEi6 





















ae eae, 
, 
| Timertora-D | 4 | FFF9:q, FFF&i¢ 
PINT. (BRK) | 6 | FFFS:6, FFFAi9 





Interrupt 
request 


— Interrupt disable flag | 


Fig. 3 Interrupt control 


INTERRUPT k - 
The M50943-XXXSP can be _ interrupted from seven 
sources; INT;, timer X, timer 1/A-D, timer 2/serial-I1/O, or 
INT2/BRK instruction. | 


’ The value of bit 2 of the serial I/O mode register (address 


OOF6,,) determine whether the interrupt is from timer 2 or 
from serial |/O. When bit 2 is “0” the interrupt is from timer 
3, and when bit 2 is “1” the interrupt is from serial I/O. Also, 
when the bit 2 is “1”, parts of port P3 are used for serial !/ 
O. The value of bit 3 of the A-D control register (address 
O0F3,,) determine whether the interrupt is from timer 1 or 
from A-D converter. When bit 3 is “O” the interrupt is from 
timer 1, and:when bit 3 is “1” the interrupt is from A-D con- 
verter. These interrupts are vectored and their priorities are 
shown in Table 1. Reset is included in this table since it | 
has the same functions as the interrupts. | 

When an interrupt is accepted, the contents of certain reg- 
isters are pushed into specified locations, (as discussed in 
the stack pointer section) the interrupt disable flag | is set, 
the program jumps to the address specified by the interrupt 
vector, and the interrupt request bit is cleared automatical- 
ly. The reset interrupt is the highest priority interrupt and 
can never be inhibited. Except for the reset interrupt, all in- 
terrupts are inhibited when the interrupt disable flag | is set 


Bit7 : INT, pin interrupt request bit 

Bit6 : INT, pin interrupt enable bit 

Bit5 : Timer 1 interrupt or A-D interrupt request bit 

Bit 4 : Timer 1 interrupt or A-D interrupt enable bit 

Bit 3 : Timer 2 interrupt or serial |/O interrupt request bit | 
Bit2 : Timer 2 interrupt or serial |/O interrupt enable bit 
Bit 1 : INT2 pin interrupt request bit | | 


BitO : INT: pin interrupt enable bit . 


Bit 7 : Timer X interrupt request bit 
Bit6 : Timer X interrupt enable bit 
Bit5 : Timer X count stop bit 
- Bit4 : Stack page bit 

Bit3 : 
Bit 2 : 
Bit] : 
BitO : 


Timer X mode bit 


Processor mode bit © 
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to “1”. All of the other interrupts can further be controlled 

individually via the interrupt control register shown in Figure 

3. An interrupt is accepted when the interrupt enable bit 

and the interrupt request bit are both “1” and the interrupt 

disable flag is “O”. 

The interrupt request bits are set when the following condi- 

tions occur: 

(1) When the INT, or INT. pins go from “H” to “L” 

(2) When the contents of timer X, timer 1, timer 2 (or the 
serial |/O counter) go to “0” 

(3) When the A-D conversion ends 

These request bits can be reset by the program but can not 

be set by the program. However, the interrupt enable bit 

can be set and reset by the program. 

Since the BRK instruction and the INT> interrupt have the 

same vectored address, the contents of the B flag must be 

checked to determine if the BRK instruction caused the in- 

terrupt or if INT, generated the interrupt. 


Data bus 


“T 7 latch 8 Timer X latch (8] latch (8 =I 


a) © 
CNTR L>o = mal oo 
Event counter mode 
& : : O feces Ps 


Timer X count stop bit 
3 {Bit 5 of address OOFFi«) 


When STP instruction is executed, 


Oscillator Divider ae ay 
this circuit is connected coercively 


Timer mode 0 
Pulse width test mode 


| Pulse output mode 


TIMER 

The M50943-XXXSP has three timers; timer X, timer 1, and 
timer 2. Since P3 (in serial |1/O mode) and timer 2 use 
some of the same architecture, they cannot be used at the 
same time (see serial |/O section). Timer X has four modes 
which can be selected by bit 2 and 3 of the timer control 
register. When the timer X count stop bit (bit 5) is set to 
“4”, the timer X will stop regardless of which mode it is in. 
A block diagram of timer X, timer 1 and timer 2 is shown in 
Figure 4. : | 
Timer 1 and timer 2 share with a prescaler. This prescaler 
has an 8-bit programmable latch used as a frequency di- 
vider. The division ratio is defined as 1/(n+1), where n is 
the decimal contents of the prescaler latch. All three timers 
are down-count timers which are reloaded from the timer 
latch following the zero cycle of the timer (i.e. the cycle af- 
ter the timer counts to zero). 

The timer interrupt request bit is set to “1” during the next 
clock pulse after the timer reaches zero. The interrupt and 





to timer X interrupt 
request bit 


it X (8 


me or 
STP instructions 


ail Toggle flip-flop 


Data bus 





Timer 1 latch (8)| Timer 1 latch (8)| ir 


“Ts Prescaler latch(8)| 






| Prescaler (8) | Timer it 


Fig.4 Block diagram of timer.X, timer 1, and timer 2 






Cae ee. Serial |/O mode register (Address 00F6,,) 
3 0 | 


(aa RE eee 
: eee 
from A-D. 
Timer 2 latch (8) 2 Ls to timer 
frac 1 or A-D 
interrupt 
_ request 


Timer sel: 






to timer 2 or serial I/O 
interrupt request 
bit 
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timer control registers are located at addresses OOFE,, and 
OOFF.¢, respectively (see interrupt section). The prescaler 
latch and timer latch can be loaded. with any number ex- 
cept zero. | 

The four modes of timer X as follows: 


(1) 
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Timer mode (00) | 
In this mode the clock is driven by the oscillator fre- 
quency divided by 16. When the timer down-counts to 


zero, the timer interrupt request bit is set to “1” and 


the contents of the timer’s latch is reloaded into the 
timer and the counting begins again. 

Pulse output mode [01] 

In this mode, the polarity of the CNTR signal is re- 
versed each time the timer down-counts to zero. 

Event counter mode [10] 

This mode operates in the same manner as the timer 
mode except, the clock source is input to the CNTR 
pin. This mode will allow an interrupt to be generated 


whenever a specified number of external events have 
been generated. The timer down-counts every rising 


edge of the clock source. 

Pulse width measurement mode [11] 

This mode measures the pulse width (between lows) 
input to the CNTR pin. The timer, driven by the oscilla- 
tor frequency divided by. 16, continues counting during 
the low cycle of the CNTR pin. When the timer con- 
tents reaches “0”, the interrupt request bitis setto“1”, 
the timer’s reload latch is reloaded and the counting 
resumes, — | 

To use timer 1 and timer 2, set the bit 0 of the PWM 
control register to “O”. For more details, refer to PWM 


- section. 


The structure of the timer control register is shown in 
Figure 5. 


When the STP instruction is executed, or after reset, 


the prescaler and timer latch are set to FFi, and 0146, 
respectively. Also, when the STP instruction is ex- 


- ecuted, the oscillator’s frequency (divided by 16) will 


become the counting source, regardless of the timer X 
mode setting. This state will be released when the tim- 
er X interrupt request bit is set to “1”, or after a reset. 
Timer X will then enter the mode specified by its mode 
bits. For more details on the STP instruction, refer to 
the oscillation circuit section. 


7 | De. a | | 
~T Ty yy | | | | Timer contro! register (Address OOFFi¢) 


Processor mode bit 
00 : Single-chip mode © 
01 : Memory expanding mode 
10: Microprocessor mode 
11 : Eva-chip mode 


Timer X mode bit 
00 : Timer mode 
01 : Pulse output mode 
10 * Event counter mode 
11 : Pulse width measurement mode 
Stack page bit 
0:0 page 
1:1 page 
Timer X count stop bit 
0 : Count start 
1 : Count stop 


Timer X interrupt enable bit 
0 : Interrupt disable 
1: Interrupt enable 


Timer X interrupt request bit 
0 : No interrupt request 
1 : With interrupt request 





~Fig.5 Structure of timer control register 
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SERIAL 1/O 


A block diagram of the serial I/O is shown in Figure 6. 


In the serial |/O mode the receive ready signal (Spoy), syn- - 


chronous input /output clock (CLK), and the serial I/O pins 
(Sout, Sin) are used as P37, P3,, P35, and P3,, respectively. 
The serial |/O mode register (address O0F6,,) is a 4-bit 
register. Bits 1 and 0 of this register is used to select a 
synchronous clock source. 

When these bits are (00) or (01), an external clock from 
P3, is selected. When these bits are [10], the overflow sig- 
nal from timer 2, divided by two, becomes the synchronous 
clock. Therefore, changing the timer period will change the 
transfer speed. When the bits are (11), the oscillator fre- 


Oscillator Divider 


quency divided by 16, becomes the clock. 

Bit 2 and 3 decide whether parts of P3 will be used as a 
serial I/O or not. When bit 2 is a “1”, P8, becomes an I/O 
pin of the synchronous clock. When an internal synchronous 
clock is selected, the clock is output from P3g,. If an exter- 
nal synchronous clock is selected, the clock is input to P3, 
and P3, will be a serial output and P3, will be a serial in- 
put. To use P3, as a serial input, set the directional register 
bit which corresponds to P3, to “O”. For more information on 
the directional register, refer to the I/O pin section. 

To use the serial I/O, bit 2 needs to be set to “1”, if it is “O” 
P3, will function as a normal I/O. Interrupts will be gener- 
ated from the serial |/O counter instead of timer 2. Bit 3 


eae from Timer 1,2 







P3() Sroy C prescaler 
Divider 
ee, 
FED 
HO CLK & = 
i 


Se 
.. | 
P3, ®& OUT 


; 
a 


(Address 00F7;.) ie 





Transfer clock 


= MSB _ Serial I/O register (8) LSB : 





Data bus 


Timer 2 (8) 


(Address O0FB,¢) 


Pag to timer 2 or serial I/O 
DD interrupt request bit 










Ee ee Serial I/O mode register (Address 00F6,.) 


. PL Synchronous clock selection bit 


00: 
External clock 
01: 
10: Timer 2 overflow signal divided by 2 


11: Oscillation frequency divided by 16 


Serial I/O port selection bit (P3s, P36) 


0: Normal 1/O port 
1: Serial I/O port 


Sarpy signal output selection bit (P37) 
0: Normal |/O port 


1: Sapy signal output pin 





Fig.6 Block diagram of serial I/O 
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determines if P3, is used as an output pin for the receive 
data ready signal (bit 3=1, Srpy) or used as normal I/O pin 
(bit 3=0). The serial I/O function is discussed below. The 
function of the serial 1/O differs depending on the clock 
source; external clock or internal clock. 

_ Internal Clock—The Srpy Signal becomes “H” during trans- 
mission or while dummy data is stored in the serial |/O reg- 
ister (address 00F7,,). After the falling edge of the write 
signal, the Sroy signal becomes low signaling that the 
M50943-XXXSP is ready to receive the external serial data. 





The Srpy signal goes “H” at the next falling edge of the - 


transfer clock. The serial I/O counter is set to 7 when data 
is stored in the serial 1/O register. At each falling edge of 
the transfer clock, serial data is output to P35. During the 
rising edge of this clock, data can be input from P38, and 
the data in the serial I/O register will be shifted 1 bit. 





Transfer clock 







Serial I/O register 

write signal 

Serial |/O output 
Sout 


Receivable signal 
Savy 


Fig.7 Serial 1/O timing 


Synchronous clock LTLIELIPLIELILI LILI LILI LI LILI 


O 
N 


(oo Xo Keefe. Xo Ko Xe) 


Data is output starting with the LSB. After the transfer clock 
has counted 8 times, the serial I/O register will be empty 
and the transfer clock will remain at a high level. At this 
time the interrpt request bit will be set. | 


~ External Clock—If an external clock is used, the interrupt 


request will be sent after the transfer clock has counted 8 
times but the transfer clock will not stop. | 

Due to this reason, the external clock must be controlled 
from the outside. The external clock should not exceed 
500kHz at a duty cycle of 50%. The timing diagram is 
shown in Figure 7. An example of communication between 
two M50943-XXXSPs is shown in Figure 8. | 

For the port type of Soyr (P35), N-channel open darain 
type or CMOS type can be selected by option. At the case 
of example of serial I/O connection-2, (Figure 9) N- 
channel open drain type must be selected. 








Interrupt request bit set 
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Sending side _ Receiving side 


Serial |/O mode register Serial 1/O mode register 


pol tidal | ii fel x) 


Set the directional Synchronous clock Set the directional! 
register for P37 pin te tala oe pin 
in input mode. in input mode. 


Serial data 





7 


Fig.8 Example of serial 1/0 connection-1 





Fig.9 Example of serial |/O connection-2 
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A-D CONVERTER 

The A-D converter circuit is shown in Figure 11. The analog . 
- input ports of the A-D converter.(INO~IN7) are in common 
with input ports of the data bus. | | 

The 5-bit A-D control register is located at address O0F3j¢. 
One of the eight analog inputs is selected by bits 0, 1 and 
2 of this register. Bit 3 selects the interrupt source, either 
from timer 1 or the A-D itself. If bit 3 is “0”, then the inter- 
rupt request is from timer 1, if it is a “1”, then it is from the 
A-D. _ 

-A-D conversion is accomplished by first selecting the ana- 
log channel (bit 0, 1 and 2) to be converted. Bit 3 should 
also be set to “1” to select the A-D as the interrupt source. 
The conversion is started when dummy data is written into 


A-D control register (Address 00F3,¢) 


Analog input selection bits 


Interrupt selection bit 
OQ : Timer 1 interrupt 





address 00F2;,. When the conversion is finished, an inter- 1 + A-D interrupt oe 
rupt is generated by the A-D and the digital data can be ~ | | ae TT epleulon ol 
read from the A-D register (address OOEF,,). The end of 1 : Low-speed 

the conversion is determined by an A-D interrupt request 

bit (address OOFF,.). es ; Fig.10 Structure of A-D control register 


Data bus 


i 


A-D control register 
(Address 00F 3,5) Tors 


-_ to timer 1 or A-D 
interrupt request bit 
(Address 00EE,¢) |. 


A-D control circuit 


Successive 
approximation register 


(A-D register) 
(Address OOEF;,) 


Switch tree 


8-channel multiplex analog switch 


~ Ladder resistors 





Fig.11 A-D converter circuit 
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The A-D conversion can also be programmed for high or 
low speed conversions. This is accomplished by using the 
A-D conversion speed switch bit (bit 4 of the A-D control 
register). If this bit is “0”, then the speed is high (36s at 
f (Xi) =8MHz). If it is “1”, then it is low speed (144ws at 
(Xin) =8MHz). 

Port IN can also be used as an input port by reading data 
into address OOEE,,g. However, this cannot be done during 
A-D conversions. 

The A-D control register is shown in Figure 10. 


PWM | 
The M50943-XXXSP has a pulse width modulated (PWM) 


-output control circuit. The circuit outputs a variable duty cy- 


cle signal that can be used for a programmable pulse width 
and frequency. Timers 1 and 2 are used for the PWM. The 
block diagram of the PWM is shown in Figure 12. 

The PWM is composed of N-channel open drain transistors. 
When bit 0 of the PWM control register is “0”, the output 
transistors are turned off. When timers 1 and 2 are not used 
for PWM control, they operate in the normal timer. modes. 
When bit 0 of the PWM control register is “1”, a rectangular 
wave is output according to the value set in timer 1 and 2 
(Figure 13.). The clock source frequency for the PWM is 
the oscillator frequency divided by 16. 


PWM control register 
(Address 00F5,.) 


Reload register ( 8 bits) 


Prescaler T 


(PRSCT) (8 bits) = 


internal data bus 


1/16 Divider 


{(Xin) | Oscillator 


Fig.12 Block Diagram of PWM 


i ; ii mney 7, 





Reload register 
( 8 bits) 


Timer 1 (TMR1) ‘| 


( 8 bits) 


Se 


Interrupt 
request 


FF 


Interrupt 


oe request 
its 


Reload register 
( 8 bits) 


Timer 2 , 


Timer 1 + Timer 2 | ue 





Fig.13 PWM rectangle wave form 
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RESET CIRCUIT : An example ‘of the reset circuit is shown in Figure 14. 


The M50943-XXXSP is reset according to the sequence When the power on reset is used, the RESET pin must be 
shown in Figure 16. It starts the program from the address held “L” until the oscillation of X;y-Xoyr becomes stable. 
formed by using the content of address FFFFi. as the high } 
order address and the content of the address FFFFy. as the . Address 

low order address, when the RESET pin ‘is held at “L” level 


for more than 2us while the power voltage is in the re- Port PO directional register (Elag) oo. 
eommenc=d operating condition and the crystal SSeMAtor Part bi diesctionalreaieter (€3;0) = 
oscillation is stable and then returned to “H” level. The in- os 

. ternal initializations following reset are shown in Figure 15. , Port P2 directional register (E516) °° 





Port P3 directional register (E916) °° 


M50943-XXXSP 


Port P4 directional register © (EBy6) °°: 


Serial 1/O mode register . (F646) °° 


Prescaler X (FCi6) «°° 


Timer X. (FDig) °° 


Interrupt control register © (FEy.) °°: 


Timer control! register (FFi5) °° 


M50943-XXXSP 
- Interrupt disable flag on © (PS) + 


processor status register 


Supply voltage 
detection circuit 


ie Contents of 
Program counter 3% ° address FFFF1¢ 


al. Contents of 
address. FFFE4¢ 


A-D control register = | | | fofojojolo 
PWM control register oe nated sta 










RESET 





RESETour 


SYNC a 


“Address _ 7X71 X 005 X00SXGS-KEFFEKFFFF A, AD 
. . | . . Reset address from the 
cat GD 63 GD C9 CC 6) Gs 


5~9 clock cycles Note 1: Frequency relation of f(Xjy) and ¢ is f(Xin) =4°¢ 
_ 2: The mark “?” means that the address is changeable depending on the previous state.] 


Fig.16 Timing diagram at reset 
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/O PORTS 


(1) 


Port PO 

Port PO is an 8-bit |/O port with CMOS output. 

Pull-up transistor can be specified as an option. As 
shown in the memory map (Figure 1), port PO can be 


-accessed at zero page memory address O0E0,,. Port 


PO has a directional register (address 00E1,¢) which 
can be used to program each individual bit as input 
(“0”) or as output (“1”). If the pins are programmed as 
output, the output data is latched to the port register 
and then output. When data is read from the output port 
the output pin level is not read, only the latched data in 
the port register is read. This allows a previously output 
value to be read correctly even though the output vol- 
tage level is shifted up or down. Pins set as input are 
in the floating state and the signal levels can thus be 
read. When data is written into the input port, the data 
is latched only to the port latch and the pin still remains 
in the floating state. 

Depending on the contents of the processor status reg- 
ister (bit O and bit 1 at address OOFF,,), four different 
modes can be selected; single-chip mode, memory ex- 
panding mode, microprocessor mode and eva-chip 
mode. These modes (excluding single-chip mode) 
have a multiplexed address output function in addition 
to the I/O function. For more details, see the processor 
mode information. 

Port P1 

In the single-chip mode, port P1 has the same function 
as PO. In the other modes, P1’s functions are slightly 
different from PO's. For more details, see the processor 
mode information. 

Port P2 . 

In the single-chip mode, port P2 has the same function 
as PO. In the other modes, P2’s functions are slightly 
different from PO's. 

For more details, see the processor mode information. 


. Port P3 


In the single-chip mode, port P3 has the same function 
as PO. In the other modes, P3’s functions are slightly 
different from PO's. Port P3 can also be used as serial 
I/O pins..For more details, see the processor mode in- 
formation. 


The output type of port P3, can be specified N-channel | 


open drain output as an option. 
Port P4.. 


Port P4 is a 4-bit 1/0 sank with CMOS outputs. This =O | 


also has the pull-up transistor option. 

Clock 2¢ output pin | 

In normal conditions, the oscillator teguency divided 
by two is output as 2¢. 

Clock ¢ output pin | 

In normal conditions, the oscillator frequency divided 
by four is output as 4. 


(8) 


(11) 


(12) 


RESEToyr pin 

When the RESET pin goes to level “L”, the RESETou; 
pin also goes to “L”. On the other hand, when the RE- 
SET pin goes to level “H”, the RESETour pin also goes 
to “H” after 5~9 clock cycles. This output is used to 





_ reset the external circuits. 


INT, pins 

The INT, pin is an interrupt input pin. The INT, inter- 
rupt request bit (bit 7 at address OOFE;,) is set to “1”. 
when the input level of this pin changes from “H” to 
up 

INT. pin 

The INT> pin is an interrupt input pin. When this signal 
level changes from “H” to “L”, the interrupt request bit 
(bit 1 at address OOFE,¢) is set to “1”. 

CNTR pin 

The CNTR pin is an I/O pin of timer X. In the event 
counter mode, CNTR becomes the input pin of the ex- 
ternal pulse. In the pulse output mode, the CNTR out- 
put changes polarity each time the contents of timer X 
goes to “0”. In the pulse width measurement mode, the 
pulse to be measured is input to this pin. 

Port IN 

Port IN is an 8-bit input port to the A-D converter. The 
input contents of the port can be read to as the con- 
tents of address OOEE;,. The read operation must be 
inhibited during A-D conversion. 
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_ Ports PO, P1, P2, P3, P4 aes 









: Directiona 
a register 
; - (ae , | 
. << 
; 1 
I 
ae Pees a 
| Port latch ae 





Data Bus 


. Note : Port P3 can be also used as I/O pin of serial I/O. 
Port P3, can be selected CMOS output or N-channel 
open drain output by the option. 


CMOS output 


| , ae Option #28, RESET our 
CNTR 7 T! ! 
| LS eae 


CMOS output 


= 


CNTR | 6, 24, RESET our 





N-channel open drain output 


PWM Bs iets, 
| : i ’ Option 
i | _ 


Input 


Setar ll 









Port IN 
Port IN 


Fig.17 Block diagram of ports PO~P4 (in single-chip mode), and input and output formats of CNTR, $, 29 
RESETou7, PWM, port IN | | 
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PROCESSOR MODE 

By changing the contents of the processor mode bit (bit 0 
and 1 at address OOFF,,), four different operation modes 
can be selected; single-chip mode, memory expanding 
mode, microprocessor mode and evaluation chip (eva- 
chip) mode. In the memory expanding mode, microp- 
rocessor mode and eva-chip mode, ports PO~ P3 can be 
used as multiplexed I/O for address, data and control sig- 
nals, as well as the normal functions of the 1/O ports. 

Figure 19 shows the functions of ports PO~P3. 

The memory map for the single-chip mode is illustrated in 
Figure 1 and for other modes, in Figure 13. 


By connecting CNVss to Vgs, all four modes can be- 


selected through software by changing the processor mode 
bits. Connecting CNVss to Voc automatically forces the 


microcomputer into microprocessor mode. Supplying 10V to 


CNVss places the microcomputer in the eva-chip mode. 
The four different modes are explained as follows: 


_ 


RN 


WN 
ms 


Internal ROM 


—— 
a 


Memory expanding Eva-chip mode Microprocessor 
mode : mode 


The shaded area is external memory area 


Fig.18 External memory area in processor mode 





(1) 


(2) 


Single-chip mode (00) 

The microcomputer will automatically be in the single- 
chip mode when started from reset, if CNVss is con- 
nected to Vss. Ports PO~P3 will work as original I/O 
ports. 

Memory expanding mode [01] 

The microcomputer will be placed in the memory ex- 
panding mode when CNVsg is connected to Vss and 
the processor mode bits are set to “01”. This mode is 
used to add external memory when the internal mem- 
ory is not sufficient. . | 

In this mode, port PO and port P1 are as a system 


address bus and the original !/O pin function is lost. 


Port P2 becomes the data bus (D7;~D,) and loses its 
normal I/O functions. Port P38, and P38, become the 
SYNC and R/W pins, respectively and the normal I/O 
functions are lost. . 

Microprocessor mode [10] 

After connecting CNVss to Vcc and initiating a reset, 
the microcomputer will automatically default to this 
mode. With the exceptions that the internal ROM is 
disabled and that external memory must be attached in 
this mode, this mode is the same as the memory ex- 
panding mode. 

Eva-chip mode (11) 

When 10V is supplied to CNVsg pin, the microcomputer 
is forced into the eva-chip mode. The main purpose of 
this mode is to evaluate ROM programs prior to mask- 
ing them into the microcomputer’s internal ROM. 

In this mode, the internal ROM is inhibited so the ex- 
ternal memory is required. 

The lower 8 bits of address data for port PO is output 
when ¢ goes to:-“H” state. When ¢goes to the “L” 
state, PO retains its original !/O functions. 

Port P1’s higher 8 bits of address data are output when 
¢ goes to “H” state and as it changes back to the “L” 
state it retains its original I/O functions. Port P2 retains 
its original I/O functions while ¢ is at the “H” state, and 
works as a data bus of D7 ~ Do (including instruction 
code) while at the “L” state. Pins P3, and P3, output 
the SYNC and R/W control signals, respectively while 


gis in the “H” state. When in the “L” state, P3., P3, 


and P3p retain their original |/O function. 

The R/W output is used to read/write from/to the out- 
side. When this pin is in the “H” state, the CPU reads 
data, and when in the “L” state, the CPU writes data. 


The SYNC is a synchronous signal which goes to the 


“UH” state when it fetches the OP CODE. 


_ The relationship between the input level of CNVss and 


the processor mode is shown in Table 2. 
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Microprocessor 
mode 


Port PO Ports P07~P0p Ports PO07~ P05 Same as left Ports P07~P0p5 


X 1/0 port ; Address Ay~Ag | AAAS & W/O port 


Port P1 Ports P17~P1) . Ports P17~P1, Same as left Ports P17~P1, 


XK WOpot Address Ais~Ag 3 eeeRS XK WO port 


Port P2 Ports P27~P2p5 | Ports P27;~P2, Same as left Ports P27~P2) 


| om ae oe oe oe ~ Output Data 


Ports P87~P3po Ports P37~P33 : Ports P37~P33 
X I/O port X I/O port . . x I/O port 


Same as left 
Port P3 


Port P3, ; Port P3, 


SYNC . SYNC I/O port 


Port P35 . Port P35 


R/W _ R/W =X 1/0 port 





Fig.19 Processor mode and functions of ports POPS 


Table 2 Relationship between CNVszg pin input level and processor mode 


Explanation 


‘© Single-chip mode The single-chip mode is set by the reset. 

* Memory expanding mode All modes can be selected by changing the processor mode bit with the program. 

¢ Eva-chip mode , 
* Microprocessor mode 


Vo * Eva-chip mode The microprocessor mode is set by the reset. . 
¢ Microprocessor mode Eva-chip mode can be also selected by changing the processor mode bit with the program. 
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CLOCK GENERATING CIRCUIT 

The built-in clock generating circuits are shown in Figure 
22. | | 
When the STP instruction is executed, the oscillation of in- 
ternal clock ¢is stopped in the “H” state. 

Also, the prescaler X and timer X are loaded with FF,. and 
- 0146, respectively. The oscillator (dividing by 16) is then 
connected to the prescaler input. This connection is 
cleared when timer X overflows or the reset is in, as dis- 
cussed in the timer section. | | 

The oscillator is restarted when an interrupt is accepted. 
However, the internal clock ¢keeps its “H” level until timer 
X overflows. 

This is because the oscillator needs a set-up period if a 
ceramic or a quartz crystal oscillator is used. 

When the WIT instruction is executed, the internal clock ¢ 
Stops in the “H” level but the oscillator continues running. 
This wait state is cleared when an interrupt is accepted. 
Since the oscillation does not stop, the next instructions are 
executed at once. 

The circuit example using a ceramic oscillator (or a quartz 
crystal oscillator) is shown in Figure 20. 

The constant capacitance will differ depending on. which 
oscillator is used, and should be set to the manufacturers 
suggested value. 

The example of external clock usage is shown in Figure 21. 
Xin Is the input, and Xoyr must be open. 


Interrupt 
request 


Interrupt 
disable 
flag | 


WIT 






STP 
instruction 





Xin Xout 


Fig.22 Block diagram of clock generating circuit 


instruction 


Prescaler X 


Timer X count stop bit 


M50943-XXXSP 


M50943-XXXSP 
Xin 


External 
oscillating 
Circuit 















Internal 
clock ¢ 


Timer X- 


Reset 









Overflow 
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PROGRAMMING NOTES 
(1) The frequency ratio of the timer and the pieacalen| is 
A/(n-+1). 

(2) Set a value other than “O” for the timer and the pre- 
scaler. 

_(3) Even though the BBC and BBS instructions are ex- 

| _ ecuted after the interrupt request bits are modified (by 

the program), those instructions are only valid for the 

contents before the modification. Also, at least one in- 
struction cycle must be used (such as a NOP) between _ 
the modification of the interrupt request bits and the - 
execution of the BBC and BBS instructions. 

(4) Reading the timer and the prescaler must be avoided 
while the input to the prescaler is changing. | 

(5) After the ADC and SBC instructions are executed (in 
decimal mode), one instruction cycle (such as a NOP) 
is needed before the SEC, CLC, or CLD instructions 
are executed. 

(6) A NOP instruction must be used after the execution of : 

a PLP instruction. 

Notes on serial !/O 

Set “0” in the serial 1/O interrupt enable bit (bit 2 of 

address OOFE;,) before setting the serial |/O mode. 

Insert at least one instruction and set “0” in the serial |/ 

O interrupt request bit (bit 3 of address OOFE,,¢) after 

setting the serial |/O mode. | 

Set “1” in the serial I/O interrupt enable bit after the 

operation described.in @. 

The timer X and prescaler X must be set “FF,” im- 

mediately before the execution of a STP instruction,’ 


S) © Os 


— ; 
ee) 


(9) Notes on A-D conversion 
@ Set“0” in the A-D interrupt enable bit (bit 4 of address 
OOFE,,) befor setting A-D conversion. 
@) Insert at least one instruction and set “0” in the A-D in- 
~ terrupt request bit (bit 5 of address OOFE,,) after set- 
ting the A-D conversion. 
@ Set-“1” in the A-D interrupt enable bit after the opera- 


tion described in ©. 
@® Set “0” in bit 3 of the A-D control register (address 
OOF3,,) before using a STP instruction. 


DATA REQUIRED FOR MASK ORDERING 
Please send the following data for mask orders. 

(1) mask ROM. confirmation form 

(2). mark specification form 


(3) ROM ata cccrctrrcrrcreeeereeeeeeteneenes ree EPROM 3sets 
Write the following option on the mask ROM confirmation 
form 


¢ Port PO pull-up transistor bit: 

¢ Port P1 pull-up transistor bit 

° Port P2 pull-up transistor bit 

* Port PS pull-up transistor bit 

* Port P4 pull-up transistor bit 

* Port PWM pull-up transistor bit 
¢ Port CNTR pull-up transistor bit 
¢ Port P35 (Soyr) output type 
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ABSOLUTE MAXIMUM RATINGS 











Supply voltage ' a—Oes77- 
| V, _| Input voltage RESET, Xin, INTs, INTo | | 


Input voltage CNVss 
Output voltage POg~P07, Plip~P17, P29~P27 


With respect to Vss 
Output transistors cut-off 


P39~P3;7, P4p~ P43, PWM, Xout 


?, 2¢, RESETour, CNTR 


Vi 
Input voltage POg~P0O7, P19 ~P17, P29~P27 
V; P39~ P37, P4g~P43, CNTR 
aa INO~IN7 
Vi 


| Pq | Power dissipation Ta=25 
Operating temperature 


Storage temperature 


Note 1 : 300mW for QFP type. 






Supply voltage 


| Voc _| Supply voltage 





CNTR, INT;, INTo, RESET 
Xin, CNVsg 


Nhs = cf “L” input voltage RESET . 


Mis. | “L” input voltage Xin - 


Vec 
Vss 
Vin 
Vin 
CNTR, INT;, INT2, CNVss 
Vit 
Vin 





P2o9~ P27, P39~ P37 
P49~P43, CNTR 





lovvavg) 
P49~ P43, CNTR 
“H” peak output current POg~P07, Plo~P17 
P29~P2z7, P3o9~ P37 
P49~P43, CNTR 











lon(avg) 






P4g~P43, CNTR 


Internal clock oscillating frequency 












“H”" input voltage POo~P07, Pl9~P17, P29~P27 
P39~P37, P4o~P43, INO~IN7 





“LW input voltage PQo~P07, Pio~P17, P29~P27 
P39~P37, P4o~P43, INO~IN7 











“L” peak output current POg~P07, P19~P17, PWM 


“L” average output current POg~P07, P1p~P17, PWM 
P29~P27, P39~ P37 







“H” average output current POg~PO07, Plo~P17 
P29~P2;7, P39 P37 











RECOMMENDED OPERATING CONDITIONS (vcc=5v+10%, Ta=—10~70°, unless otherwise noted) 


za 
3 
= 
© 
x 
Cc 
= 





Limits 
a 


na 
on 
wi 
on 
- 











© 
< 
a) 
) 
< 
fe) 
fo) 
EE 









0. 2Vcoc 






i 


ol Bes 
~ fos 
|r 
<|< 
Qo 10 
O10 


a Zi 
3 3 
















(Note 2 ) 







3 
> 






(Note 2 ) 


—10 
ae 





Note 2: The average output current loi(ayg) and lon(avg) are the average value of a period of 100ms. 
3: The total of lou(peak) should be 80mA max, for ports PO, P1, P2, P3, P4, CNTR, and PWM. 
The total of lon(peak) should be 80mA max, for ports PO, P1, P2, P3, P4, and CNTR. 
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ELECTRICAL CHARACTERISTICS (Veo=5VE10%, Vss=0V, Ta=25C, foxy) =8MHz, unless otherwise noted). vs 


: . . Limits 
Parameter Test conditions 


“H” output voltage P0>~P07, P1p~P17, P29~P2z lou=—10mA 
P39~P37, P49~P43, CNTR (at P3s is CMOS output) 


Von 
“H” output voltage ¢, 2 ¢, RESETout lox=—2. 5MA : ed 
Vot 
ae 






“L” output voltage POg~P07, P19p~P17, P29>~P27 
; : P39~P37, P4p~ P43, CNTR loL=10mA 


VoL | 
- PWM 





[Wor |r ouputvotage @ 24 RESETon ~OSCSC~*C*id SA SCSCSC“‘“‘“~*S*~*d 
Ver Vin [Hysteresis ONTRING, Np 
verve [Hysteresis RESET SSCSC“‘“S*S*~“‘“‘_CSOCS*SC“‘é(O™SNCON#CSCS‘“‘CONSC#S 
Veeder. 2 





“L” input current POg~P07, Plo~P17, P2o~P27 V=0V 
he | foe ee without pull-up transistor 
CNTR, PWM 
a “L” input current POp~P07, P1p~P17, P2o~P2, ane 
hie P3o9~P37, P4p~P43 
; : with pull-up transistor 
CNTR, PWM es 
“L” input current INO~IN7 . 
| “L” input current INT;, INTs, RESET, Xin | 
“H” input current POgp~P07, P1p~P17, P29~P27 
P39~P37, P4p~P43 
CNTR, PWM 
| 
ine __[°H input current INT, INTa, RESET, Xn 
[a [A input current Var CS 
Output pins are open, ports PO, P1, P2, P3 
loc Supply current and P4 are connected to Vee: all other input 
. . and I/O pins are connected to Vss. 
Supply current for A-D during A-D conversion 


A-D CONVERTER CHARACTERISTICS (Vcc=AVcc=5V, Vss=AVss=0V, Ta=25C, fy BMH, unless otherwise noted) 


, | 
Symbol Parameter Test conditions 


Typ. 
Rescutin S| SCSC—~*S 


Vec=AVcc™=5V 
; = VREF= 


[Rinooen [ladder resistance ae [| ——=SSSCSC=~—rSCS EC 
Fteony | Cowersiontme [| SsS—~—~Ss «dT | 
[Vner [Reference inputvotage | —=S*S~S Ce | dS 
Vin [nag input votage - | | | | vase |v 















| _ -@ MITSUBISHI 
ee | | ELECTRIC 


MITSUBISHI MICROCOMPUTERS 


MS0943-XXXSP/FP 


“SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 





TIMING REQUIREMENTS | 
Single-chip Mode (Vcc=5V+10%, Vsg=0V, Ta=25C, foun) =8MHz, unless otherwise noted) 


Port PO input setup time 
Port P1 input setup time . . 200 es 
L=4 
Port P3 input setup time ai 
200 | 
taucno—o | Por IN input setyp ime 80 
Port PO input hold time | 20 | | 
Port P1 input hold time | 20 [. | 
Port P2 input hold time | 20 | 
a 
ee 
a 
ae 
eae 
a 
a 











Port P3 input hold time 
Port P4 input hold time : 
Port IN input hold time 
ie External clock input cycle time 
External clock input pulse width . 
External clock rising edge time ; a 
ca External clock falling edge time Fe all 



























Eva-chip Mode (Vcc=5V+10%, Vss=OV, Ta=25C,, fix.) =8MHz, unless otherwise noted) 


es 
Port P1 input setup time tt 
200 |_| 
this-pooy | PorPOinputhoidtime ——SCC=“‘;SS!CCOCOCO™~™~™COCCCSYCO Cd 
[Anse [PotPtinputhodtime —C—“~*‘“<S:*‘“‘“‘;SSSSCCCTCC~dCO CS 
[this -rzo) | Port P2inputholdtime SS SC“‘“S*S*S*S*S*“‘“*S*S™SCSC~wSC‘ SYS 


Memory expanding mode and microprocessor mode | : 
(Vec=5V410%, Vsg=0V, Ta=25°C, frx,y)=8MHz, unless otherwise noted) 


See ramet 
Typ. 


| Max _| 
| tsucpeo—« | Port P2inputsetuptime tc S| ts 
[Port P2inputhoidtime ts 










thi g—p2p) 
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SWITCHING CHARACTERISTICS 


Single-chip mode (Vec=5V+10%, Vss=OV, Ta=25°, fix.) =8MHz, unless otherwise noted) 


td(¢—poq) — | Port PO data output delay time . 









Limits 
Typ. 


NOPD] PR 
O;}oQ;}oO 
O;oO;o 


Unit. 






no 
2) 
© 


NO 
© 
oO 








Eva-chip mode (Voo=5V+10%, Vss=0V, Ta=25°C, f(x) =8MHz, unless otherwise noted) 


4 3 Parameter Test conditions 


td(¢—poa) Port PO address output delay time . 
td(¢—PoaFr) Port PO address output delay time 
td(¢—poaq) Port PO data output delay time 


td(¢—Ppoar) Port PO data output delay. time 


Unit 


Typ. 










Symbol 


< 


—!/—'n]— 
ajia;a;a 
O;O;O;oO 





— 
Oo 
© 


— 
ol 
oO 


NO 
© 
oO 


—_ | o_, 
ayo 
oO;o 


td(g—pt1a) Port P1 address output delay time 


td(¢g—p3,qF) | Port P3, data output delay time 





h]— 
o;o 
oO;o 





Smet Cem — No —_, 
aig alan 


NO 
io) 
Oo 











oh 
OT 
oO 









Memory expanding mode and microprocessor mode _ _ . 
pe te 7 4 (Vec=5V410%, Vss=0V, Ta=25C, fx,,,)==8MHz, unless otherwise noted) 


Parameter Test conditions Unit 


Min. Typ. . 

Port PO address output delay time _ | tf 50 | ons . 
Port P1 address output delay time | Po fT 50 | ns 
fe ce lla elle 3 oni 
P80 2 10 one. 
P| 50 | ns 
[| 60 | ns | 









Symbol a & 


td(¢—Poa) 
td( g—P1a) 














td( ¢—P2a) Port P2 data output delay time 





td(¢g—pzar) | Port P2 data output delay time 





td(¢—r/w) R/W signal output delay time 








td(g—sync) | SYNC signal output delay time 





Fig.23 Ports PO~P4 test circuit 





| | MITSUBISHI 
2— 358 | ELECTRIC 


MITSUBISHI MICROCOMPUTERS 


M50943-XXXSP/FP 


SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER | 


2¢ PIN AC CHARACTERISTICS (vVcc=5v, Vss=0v, f(xy) =8MHz, Ta=25, unless otherwise noted) 


Pte | Glock output eycetime——SSCSCSC~“~S~S~S 
aa 
ar eae 





Timing diagram of 2¢ 





Fig.24 Test circuit of 2¢ 
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TIMING DIAGRAMS 


1) 1 
td (¢—Poa) 


Port PO output 


Port PO input a 
| oe th (¢—-Pop) 
td (¢—p1q) 


aa 


In single-chip mode 


tsu (Pop—¢) 










‘Port P1 output 


y, 


tsu (P1D—¢) 


Port P1 input ners 
. | th (¢—P1b) 
td (¢—P2Q) 


tsu (p20—¢) 


—~ - a 


Port P2 input 







td (¢-p3a) 


Cae 


Port P3 output 


tsu (p3p—¢) . 
Port P3 input 
th (¢—P3D) 
td (¢—p4q) 


Port P4 output 








tsu (pap—¢) 


{ 





Port P4 input 
th (¢—P4p) 
Port IN input 
th (¢—-IND) 
f (Xin) 
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In memory expanding mode and microprocessor mode 


é 
td (¢—Poa) 


Port PO output 


4 
—P1A) 
Port P1 output 


Wy, 
\7 


SZ 





td (¢—P2Q) td (¢—p2aF) 
Port P2 output B 4 
tsu (P2D—¢) | 
Port P2 input 
th (¢—p2p) 


td (¢—R/w) 


ae 


\/ 
\Z 


Port P39 output (R/W) 


Port P3, output (SYNC) 


Co 


\/ 
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In eva-chip mode 








td (¢—POAF) td (¢—POQF) 
Port PO output 


Port PO input 


th (¢-Pop) 
| td (¢—P1aF) 

Port P1 output 
Port P1 input — 

th (¢—P1D) 
Port P2 output 
Port P2 input 

th (g—P2p) 

td (¢—p3,aF) 


Port P39 output (R/W) 


td (¢—P3,QF) 
Port P3, output (SYNC) 


(XTX 


td (¢—-P3,Q) 
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Notice: These are not a final specification. Some | 
parametric limits are subject ia ae SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 
DESCRIPTION | 
The M50944-XXXSP is a single-chip microcomputer de- PIN CONFIGURATION (TOP VIEW) 
signed with CMOS silicon gate technology. It is housed in a Reference voltage y . | 
64-pin shrink plastic molded DIP. mee an 
This single-chip microcomputer is useful for business | ee is | 
equipment and other consumer applications. — INs— +> P2, 
In addition to its simple instruction set, the ROM, RAM, and IN. — <> po 
Input port IN e 2 
I/O addresses are placed on the same memory map to en- IN3 > +> P2, 
able easy programming. IN2— Pegi C Boeke 
The differences between the M50944-XXXSP and the IN, ++ P25 
M50944-XXXFP are the package outline and the power dis- INo +> Pes 
sipation ability (absolute maximum ratings). ; P47/Spove ** na: 
P4,/CLK> ad <— PQ, 
P4¢/Soute +> PO 
DISTINCTIVE FEATURES ee < ee 
@ Number of basic instructions: ccc crete ett enees 69 1/0 port P4 p4,/iNT, > ) anG. 
e Memory SIZ@ ROM cecreeccccccccceesteeeeteeteeeees 12288 bytes P4,/INTs > 5 ++ PO, 1/O port PO 
RAM eee e eee w eter e near eee re eereeeenesees 192 bytes P4, - e - PO; 
@® Instruction executing time . P4y +> x< ++ PO 
tesees 2us (minimum instructions, at 4MHz frequency) P37/Sroy1 + cL +> PO; 
.@ Single power supply f(X;y)=4MHz- -5VE10% a ee le eon |e 
f(Xiy)=AUMH zeeeeeeeeeeeeeeees 3~5 5V P35/Sout1 + PI, 
Got afer teas P34/Sini * + Plo 
@ Power dissipation I/O port P3 P3,/T + acpi 
3 3 
normal operation mode (at 4MHz frequency) P3,/CNTR + ei (/O port P14 
Bre aiini lakes! jeierore: © ete %eseceite ib 9s0y, eed ee lea'e)eF0GiS) e1 aha aia, 460 ofa eiden ti ereterese send @awiere ite 15mW P3,/INT> +> + PI, 
low-speed operation mode (at 32kHz frequency for P39/INT, + +> Pig 
clock function) a 10056 0.050666 ee ies 6 w 6:6 0 Sere www ele ees Nines Tee 0.3mW CNVss _— P17 
@ Subroutine nesting «crete 96 levels (Max.) Reset input RESET — NC 
@ Interrupt TOP Terrrerer err eer rere reer eee ee ee ee ee i 10 types, 5 vectors Clock input Xin _ — Ro 
@ 8-bit timers tree 7 (6 when used as serial I/O) Rei Soak of heaeeante 
@ Serial (Ocrrrccccccer reece eee e eee e ee eeteeeene ene eeeseneeees 8-bitX 2 timer function CIN 2 
Clock output f X = +R 
@ Devider for serial 1/O 0:'0:16: 9.0.18 wien (ose oieie'eie score oie o's o's e's eres Wiass eosiece, 038-9 seecewarte 1 iecieRetien Ost -! a 
. oe é Vss —> @ Timing output 
@ Interrupt request distinguish register --:-::::-:+-::- 8-bitx 2 
@ Programmable I/O ports (Ports P38, P4) :rrrrerrrertee 16 
@ Middie-voltage programmable ports ede nha. kwh Bedi: acrin Galt aete- ts 
(Ports PO, P1, P2) crrccrteretteeetteet eter eet eeee eee renee 24 aD Ne ee fe hRanOoon 
o> Ihplitiaak. (Pens Re IN okie wae oerisinaia tes 12 ae pitt tig ay 
C-) A-D conversion eee ee ee ee ee ey 8-bit, 8-channel po pee Bl ii P4 
3 , , 6 
@ Two clock generator circuits (One is for main clock, the Se #eP17 
: — - P2, +> [53 — Ro 
other is for clock function) P2, <> oe 
AVcc — Ro 
APPLICATION | As : ~ . 
Camera, Office automation equipment, VCR, Tuner, es | M50944-XXX FP Vss 
Audio-visual equipment IN7 — [9] : — Xcout 
, INg — {60} *— Xcin 
INs = 161 | : — Xout 
, IN4— — Xin . 
IN3 — [63 + RESET 
IN, — [64 | CNVss 
LIBS ylel I Le] {2 14} [15] [16] [17] [19] 
ie ee oe ae ae a ae ee ee 
- ON SN ep Njory Oo - S&S pal ee c sk N = 
2205 sale tales Bo R525 
GLUSSs Pesos. 
fegtat ey se sea 


Outline 64P6S 


NC : No connection 
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M50944-XXXSP BLOCK DIAGRAM 


4 Input por IN 


Clock Clock 


input for output for | é Reference 

Clock Clock Timing clock clock ; Reset voltage 
input output output function function ; input (5V) (OV) (5V) (OV) — input 
Xin Xour. ¢ . Xcin Xcour RESET Voc Vss AVcc CNVsg_ Veer 





input por F port R 


Clock generating circuit 
























es et 


RAM 4 Timer 7 
192 Program Program Peeseale! | : 
bytes counter counter ineirietion 
| POue) PC. (8) register (8) 


Instruction 
decoder |. 


Control signal 







Timer 3 
T3(8) 


aoe 


prescaler Timer'2 
Stack ea (8) Tet 
pointer 


S(8) 
- Timer 4 Interrupt request. nterrupt request 
T418 distinguish distinguish 
. ! -register 1 (8) register 2 (8) : 


















8-bit 
arithmetic 
and. 
logical 
unit 






Processor 
status 
register 


PS (8) 













Accumulator 









iE} 


|: psie) | PO (8) 





FRCP Ae TNT) nititl ; es 
= - —_____- aiuiae DOCDED 6 CD D-CNOWDODAIDHEDO-AOE GENEDCIE)— | 
“ / : SY - erwrwww@——<——>-” _— OCS“ SC ’/ 
I/O port P4 . I/O port P3 I/O port P2 I/O port P1 I/O port PO 


AL 


ua LNdWOD0NDIN SOW) Lid-8 dIHO-ATINIS 


di/dSXXX-Pr60sIN 


-SUALNdWODO0NSIN IHSISNSLIW 


MITSUBISHI MICROCOMPUTERS 


M50944-XXXSP/FP 


SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 





FUNCTIONS OF M50944-XXXSP 


Instruction execution time 2us (minimum instructions, at 4MHz frequency). 

























; ROM 12288bytes 
Memory size = 
RAM ; 192bytes 


Input/Output port 


Clock frequency 4, 2MHz (main clock input), 32kHz (for clock function) 


Input 4-bitx1 


0am (at (fen) =90KH. — 


Interrupts Four external interrupts, Four timer interrupts (or three timers, one serial 1/O) 


Power dissipation | 


At stop mode . 1A (at clock stop) 
5V (ports P3, P4) 
Input/Output voltage 
12V (ports PO, P1, P2) ; 
10mA (ports PO, P1, P2: middle voltage N-channel open drain output) 
Output current 
—5~10mA (ports P3, P4: CMOS tri-state output) 
Operating temperature range —10~70C 
‘1 Device structure CMOS silicon gate 


M50944-XXXSP 64-pin shrink plastic molded DIP 
Package : 
M50944-XXXFP 64-pin shrink plastic molded QFP 


Input/Output 
Characteristics 
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Input/ 
j Functions 
Output 


Power supply inputs 5V+10% to Vcc, and OV to Vss. 





PIN DESCRIPTION 


This is usually connected to Vsgs. {. * | 


Reset input aan To enter the reset state, the reset input pin must be kept at a “L" for more than 2us (under normal Vcc 
conditions). If more time is needed for the crystal oscillatior to stabilize, this “L” condition should be main- 
tained for the required time. 


Xin ‘|-Clock input. > | These are I/O pins of internal clock generating circuit for main clock. To control generating frequency, an 
external ceramic or a quartz crystal oscillator is connected between the Xij and Xour pins. If an external 
Xout Clock output clock is used, the clock source should be connected the Xin pin and the Xour pin should be left open. 
| Timing output ~ Output This is the timing output pin. 


Clock input for | This is the I/O pins of the clock generating circuit for the clock function. To control generating frequency, 

clock function - an external ceramic or quartz crystal oscillator is connected between the Xcun and Xcout pins. If an external 
clock is used, the clock source should be connected to the Xcin pin and the Xcour pin should be left open. 

Clock output for This clock can be used as a program controlled the system clock. 

Glock function 


Oo~PO,, I/O port PO Port PO is an 8-bit I/O port with directional registers allowing each I/O bit to be individually programmed as 
input.or output. At reset, this port is set to input mode. The output structure is N-ch open drain. A pull-up 
transistor is built-in between the Vcc pin and this port. 

o™~P17 | I/O port P1 eS Port P1 is an 8-bit |/O port and has basically the. same functions as port PO. 

2o~ P27 | 1/0 port P2 = Port P2 is an 8-bit 1/O port and has basically the same functions as port PO. 


307~ P37 | I/O port P3 Port P3 is an 8-bit 1/O port with CMOS output. The other functions are Basically the same as port PO. 
P39, P3,, P32 and P33 pins are in common with INT2, INT;, CNTR and T respectively. When serial I/O, is 
used, P34, P35, P3g and P37 work aS Sjn1, Sout1, CLK1 and Sapy: pin respectively. 


I/O port P4 - Port P4 is an 8-bit I/O port and has basically the same functions as port PO. 
P4. and P43 pins are in common with INT3 and INT, respectively. When serial I/O. is used, P44, P45, P46 
and P47 work as Sin2, Soure, CLK2 and Srpye2 pin respectively. 


Input porte R Port R is a4-bit input port. . 


Analog input port IN Port IN is the analog input pin'to the A-D converter. It also has a dual function and works as a normal input 








AVcc:; AVsg Voltage input for A-D This is the power supply input pin for the A-D conveter. 
(Note) | — 


Reference voltage . This is the reference voltage input pin for the A-D conveter. 
input : 





Note. This pin is for flat package ay 
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BASIC FUNCTION BLOCKS 


MEMORY | | 
A memory map for the M50944-XXXSP is shown in Figure 


1. Addresses D000, to FFFF,, are assigned to the built-in - 


ROM area which consists of 12288 bytes. Addresses FFO0;. 
to FFFF,, are a special address area (special page). By 
using the special page addressing mode of the JSR in- 
struction, subroutines addressed on this page can be called 
with only 2 bytes. Addresses FFF4,, to FFFF,, are vector 
addresses used for the reset and interrupts (See interrupt 


RAM 
(192 bytes) 


Zero page 


Not used 


Address L ; 
Address H. OOFA,,.}| Timer 3 


ROM 
(12288 bytes) 
Special page 
_ for 
subroutine 


chapter). Addresses 0000, to OOFF,, are the zero page 
address area. By using the zero page addressing mode, 
this area can also be accessed with 2 bytes. The use of 
these addressing methods will greatly reduce the object 
size required. | 

The RAM, I/O port, timer, etc. addresses are already 


assigned for the zero page. Addresses 0000;, to OOBF;, are 
‘assigned for the built-in RAM which consists of 192 bytes of 


static RAM. This RAM is used as the stack during sub- 
routine calls and interrupts, in addition to data storage. 


Decimal 


7 
a eee 


QDEBi.| Port PS 


Q0E9,,|Port P3 fagicter 
OOED,,} Timer 4 prescaler 


OOEF,,] A-D register 


Interrupt request distinguish 
OOF 1 16} register 


Interrupt request distinguish 


OOF2,, register2 
OOF3,,; A-D control register 


OOF4,, | Serial \/02 mode register 
0OF5,,] Serial 1/O2 register 
OOFE,, | Serial 1/0, mode register 
00F7,,| Serial I/O, register 
OOF8,, |Serial !/Oz clock selection registe 


OOF9,,]| Timer 3 prescaler 





call Address L 


Address H INT, or A-D \ OOFB,,| Timer 1,2 prescaler 


\ 
L - ae 
Address H INTs of Timer 4 || QOFCy¢} Timer 1 


“Address L INT. or Timer 3 ; 
Timer 2 or Serial 1/9 90FDig] Timer Ss 
INT, or Timer 1 i OOFE,,| Interrupt control register 
RESET \ OOFF,,| Timer control register 


65535 








Fig.1 - Memory map 
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CENTRAL PROCESSING UNIT (CPU) 


The CPU consists of 6 registers and is shown in Figure 2. 


ACCUMULATOR (A) | a 

The 8-bit accumulator (A) is the main register of the micro- 
computer. Data operations such as data transfer, input/out- 
put, etc., is executed mainly through the accumulator. 


INDEX REGISTER X (X) 

The index register X is an 8-bit register. In the index regsi- 
ter X addressing mode, the value of the OPERAND added 
to the contents of the index register X specifies the real 
address. When the T flag in the processor status register is 
set to “1”, the index register X itself becomes the address 
for the second OPERAND. 


Accumulator 
Index register X 
Index register Y 
Stack pointer 


Program counter 





Fig.2 Register structure 
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INDEX REGSITER Y (Y) 

The index register Y is an 8-bit register. In the index regis- 
ter Y addressing mode, the value of the OPERAND added 
to the contents of the index register Y specifies the real 
address. ° . 


7 0 
vfv{rlefoli fz ’Processor status register 


Carry flag 
Zero flag 
Interrupt disable flag 


Decimal mode flag 


Break flag 


Index X mode flag 


Overflow flag 


Negative flag 
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STACK POINTER (S) 

The stack pointer is an 8-bit register that contains. the 
address of the next location in the stack. It is mainly used 
during interrupts and subroutine calls. The stack pointer is 
not automatically initialized after reset and should be initial- 
ized by the program using the TXS instruction. 

When an interrupt occurs, the higher 8 bits of the program 
counter is pushed into the stack first, the stack pointer is 
decremented, and then the lower 8 bits of the program 
counter is pushed into the stack. Next the contents of the 
processor status register is pushed into the stack. When 
the return from interrupt instruction (RTI) is executed, the 
program counter and processor status register data is pop- 
ped off the stack in reverse order from above. 

The accumulator is never pushed into the stack automati- 
cally, so a Push Accumulator instruction (PHA) is provided 
to execute this function. Restoring the accumulator to its 
previous value is accomplished by the Pop Accumulator in- 
struction (PLA). It is executed in the reverse order of the 
PHA instruction. 

The contents of the Processor Status Register (PS) are 
pushed and popped to and from the stack with the PHP 
and PLP instructions, respectively. 

During a subroutine call, only the program counter is 
pushed into the stack. Therefore, any registers that should 
not be destroyed should be pushed into the stack manually. 
To return from a subroutine call, the RTS instruction is 
used. 


PROGRAM COUNTER (PC) 

The 16-bit program counter consists of two 8-bit registers 
PC,, and PC,. The program counter is used to indicate the 
address of the next instruction to be executed. 


PROCESSOR STATUS REGISTER (PS) 

The 8-bit PS is composed entirely of flags used to indicate 
the condition of the processor immediately after an opera- 
tion. Branch operations can be performed by testing the 


Carry flag (C), Zero flag (Z), Overflow flag (V) or the 


Negative flag (N). Each bit of the register is explained 
below. | 

1. Carry flag (C) — | 

The carry flag contains the carry or borrow generated by 
the Arithmetic Logic Unit (ALU) immediately after an op- 
eration. It is also changed by the shift and rotate instruc- 
tions. The set carry (SEC) and clear carry (CLC) instruc- 
tions allow direct access for setting and clearing this flag. 


2. Zero flag (Z) 
This flag is used to indicate if the immediate operation 
generated a zero result or not. If the result is zero, the zero 


flag will be set to “O”. If the result is not zero, the zero flag 


will be set to “1”. 


3. Interrupt disable flag (I) | 

This flag is used to disable all interrupts. This is accom- 
plished by setting the flag to “1”. When an interrupt is 
accepted, this flag is automatically set to “1” to prevent 
from other interrupts until the current interrupt is completed. 
The SEI and CLI instructions are used to set and clear this 
flag, respectively. 


4. Decimal mode flag (D) 7 

The decimal mode flag is used to define whether addition 
and subtraction are executed in binary or decimal.-If the © 
decimal mode flag is set to “1”, the operations are ex- 
ecuted in decimal, if the flag is “O”, the operations are ex- 
ecuted in binary. Decimal correction is automatically ex- 
ecuted. The SED and CLD instructions are used to set and 
clear this flag, respectively. 


5. Break flag (B) 

When the BRK instruction is executed, the same operations 
are performed as in an interrupt. The address of the inter- 
rupt vector of the BRK instruction is the same as that of the 
lowest priority interrupt. The contents of the B flag can be 
checked to determine which condition caused the interrupt. 
lf the BRK instruction caused the interrupt, the B flag will 
be “1”, otherwise it will be “O”. | 


6. Index X mode flag (T) 

When the T flag is “1”, operations between memories are 
executed directly without passing through the accumulator. 
Operations between memories involving the accumulator 
are executed when the T flag is “0” (i.e., operation results 
between memories 1 and 2 are stored in the accumulator). 
The address of memory 1 is specified by the contents of 
the index register X, and that of memory 2 is specified by 
the normal addressing mode. The SET and CLT instructions — 
are used to set and clear the T flag, respectively. 


7. Overflow flag (V) | 

The overflow flag functions when one byte is added or sub- 
tracted as a signed binary number. When the result ex- 
ceeds +127 or —128, the overflow flag is set to “1”. When 
the BIT instruction is executed, bit 6 of the memory location 
is input to the V flag. The overflow flag is reset by the CLV 
instruction and there is no set instruction. 


8. Negative flag (NN) 

The negative flag is set whenever the result of a data trans- 
fer or operation is negative (bit 7 is “1”). Whenever the BIT 
instruction is executed, bit 7 of the memory location is input 
to the N flag. There are no instuctions for directly setting or 
resetting the N flag. | 
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INTERRUPT 

The M50944-XXXSP can be interrupted from ten sources; 
-INT, or timer 1, timer 2 or serial 1/O,, INT» or timer 3, INTs 
or timer 4, INT, or A-D or BRK instruction. The value of bit 
2 of the serial 1/O,; mode register (address 00F6,,) deter- 
_mines whether the interrupt is from timer 2 or from serial 
1/O,. When bit 2 is “1” the interrupt is from serial 1/O,, and 
when bit 2 is “O” the interrupt is from timer 2. Also, when bit 
2 is “1”, parts of port 3 are used for serial 1/O,. Bit 7 and bit 
5 of the interrupt request distinguish regisrer 1 (address 
OOF1,,) distinguish whether the interrupt request is from 


INT, pin or timer 1. When bit 7 is “1”, the interrupt is re-— 


quested from INT, pin and bit 5 is “1”, the interrupt is re- 
quested from timer 1. Bit 3 and bit 1 of the interrupt re- 
quest distinguish register 1 (address OOF1i.) distinguish 
whether the interrupt request is from INT, pin or timer 1. 


When bit 3 is “1”, the interrupt is requested from INT2 pin | 


and bit 1 is “1”, the interrupt is requested from timer 3. 


Also, bit 7 and bit 5 or bit 3 and bit 1 of the interrupt re- | 


0 
dey eeleiis ae 


7 0 
able, ah sil es 
eae 


Interrupt disable flag | 


Interrupt 
request C4 


Fig. 3. Interrupt control 





quest distinguish register 2 distinguish whether the inter- 
rupt request is from INT3 pin or timer 4 and INT, or A-D, re- 
spectively. 

These interrupts are vectored and their priorities are shown 
in Table 1. Reset is included in this table since it has the 
same function as an interrupt. When an _ interrupt is 
accepted, the contents of certain registers are pushed into 


specified locations, as discussed in the stack pointer sec- 


tion, and the interrupt disable flag (1) is set, and the prog- 
ram jumps to the address specified by the interrupt vector, 


and the interrupt request bit is cleared automatically. The 


reset interrupt is the highest priority interrupt and can never 
be inhibited. Except for the reset interrupt, all interrupts are 
inhibited when the interrupt disable flag is set to “1”. All of 
the other interrupts can further be controlled individually via 
the interrupt control register shown in Figure 3. An interrupt 


is accepted when the interrupt enable bit and the interrupt 


request bit are both “1” and the interrupt disable flag is “0”. 
The interrupt request bits are set when the ronewing condi- 
tions occur: 


Interrupt request distinguish register 1 (address O0F1,6) 
‘Bit 7 : INT, interrupt request bit 

Bit6 : INT, interrupt enable. bit » 

Bit5 * Timer 1 interrupt request bit 

Bit4 : Timer 1 interrupt enable bit 

Bit3 : INT. interrupt request bit 

Bit2 : INT. interrupt enable bit 

Bit 1 : Timer 3 interrupt request bit 

BitO : Timer 3 interrupt enable bit 


_ Interrupt request distinguish register 2(address OOF 21,6) “ 

Bit7 : INT; interrupt request bit 

Bit6 : INT; interrupt enable bit — 

Bit5 : Timer 4 interrupt request bit 

Bit 4 : Timer 4 interrupt enabie bit 

Bit3 : INT, interrupt request bit 

Bit2 : INT, interrupt enable bit 

Bit 1 : A-D interrupt request bit 

BitO : A-D interrupt enable bit 


Interrupt control register(address OOFE;,) 


Bit7 : INT, or timer 1 interrupt request bit 
Bit6 : INT, or timer 1 interrupt enable bit 
Bit5 : INT. or timer 3 interrupt request bit 
Bit4 : INT. or timer 3 interrupt enable bit 
Bit 3 : INT; or timer 4 interrupt request bit 
Bit2 © INT; or timer 4 interrupt enable bit 
Bit 1 : INT, or A-D interrupt request bit 

BitO : INT, or A-D interrupt enable bit 


Timer control register(address OOFF,¢) 
Bit 7 * Timer 2 or Serial I/O, interrupt request bit 
Bit6 : Timer 2 or Serial |/O, interrupt enable bit 
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(1) When the level of INT;, INT2, INT; or INT, pin changed 

(2) When the contents of timer 1, timer 2 (or the serial 
1/O, counter), or timer 4 goes to “0” 

When the two interrupt requests, which are the same prior- 

ity, are at the same sampling, the priority process is pro- 

cessed by interrupt request distinguish register 1 and 2. 


These request bits can be reset by a program but can not 


be set. Since the BRK instruction interrupt and the A-D in- 
terrupt have the same vectored address, the contents of 
the B flag must be checked to determine if the BRK in- 
struction. caused the interrupt or if A-D generated the inter- 
rupt. 


Table 1. Interrupt vector address and priority 


[nent | onty [vector aadress | 
reset. [1 *dSCw Fig, FFE | 
CINT, ortimeri_| 2 «dL S*FFD ye, FFFCie 
Timer? orseial VO, |_-3 «| C*F FFB, FF Ave 
CInTs ortimer3 [4 «(| =F 946, FFB 6 | 
oe cee 
aie 






















INTs or timer 4 FFF716, FFF616 
FFF516, FFF416 








Timer control register (Address OOFFj¢) 


Processor mode bit 
00 : Single-chip mode 
01 : Memory expanding mode 
10 : Microprocessor mode 
11: Eva-chip mode 


Timer 3 prescaler count source selection bit 
0 : ddivided by 4 
1 = Xen (clock for clock function) 


Timer 4 prescaler count source selection bit 
0 : ¢édivided by 4 
1: External clock 


ae Timer 3 count stop bit 


0 : Count start 
1 : Count stop 


Timer 2 or serial |/O, interrupt enable bit 


0 : Interrupt disable 
1 : Interrupt enable 





Timer 2 or serial |/O,; interrupt request bit 


a 0 : No interrupt request 
| . 1 : With interrupt request | 


Fig. 4 Structure of timer control register 


TIMER 

The M50944-XXXSP has seven timers; timer 1, 2 prescaler, 

timer 1, timer 2, timer 3 prescaler, timer 3, timer 4 prescal- 

er and timer 4. Interrupt from timer 2 cannot be used at us- 

ing serial I/O (see serial I/O section). : 

A block diagram of timer 1 through 3.and timer 4 is shown 

in Figure 5 and Figure 6 respectively. The count source for 

timer 3 prescaler and timer 4 prescaler can be selected by 

using bit 2 and 3 of the timer control register (addres 

OOFF,.), as shown in Figure 4. | 

All of the timers are down count timers and have 8-bit 

latches. When a timer reaches “0” and the next count pulse 

is input to a timer, the contents of the reload latch are 

loaded into the timer. The division ratio of the timer is 1/(n 

+1), where nis the contents of timer latch. 

Each timer has interrupt generating functions. The timer in- 

terrupt request bits (in the interrupt request distinguish 

register 1, the interrupt request distinguish register 2; the. 
interrupt control register and the timer control register) is 

set at the next count pulse after the timer reaches “O”. The 

interrupt distinguish register 1 and 2 are located at addres- . 
ses 00F1,, and OOF2,, respectively. 

The starting and stopping of timer 3 prescaler is controlled 

by bit 5 of the timer control register. If the corresponding 

bit is “O”, the timer starts counting, when the corresponding 

bit is “1”, the timer stops. 

After a STP instruction is executed, timer 3 Sresealer: timer 

3, and the clock (¢ divided by 4) are connected in series 

(regardless of the status of bit 2 of the timer control 

register). This state is canceled if timer 3 interrupt request 

bit is set to “1”, or if the system is reset, and it becomes a 

former count source decided with bit 2 of the timer control 

register. Before the STP instruction is executed, bit 5 of the 

timer control register must be set to “O”, bit 0 of the inter- 

rupt request distinguish register 1 must be set to “1”, bit 1 

of the interrupt request distinguish register 1 must be set to 

“0”, bit 4 of the interrupt control register must be set to “0” © 
and bit 5 of the interrupt control register must be set to “0”. 
For more details on the STP instruction, refer to the oscilla- 
tion circuit section. 
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8 
Timer 1, 2 
C) prescaler latch (8) 
Xcin p/4 8 ¢ 
C } HAO Timer 1, 
Xiw SiM . 


Timer 1 interrupt request bit (IF1.) 


SiM2' timer 2 or serial I/O, interrupt 
request bit (TM7) 


1/4 
, 7 
P33 latch 
O—b—- 
M | . 
P33/T SiM4 00, 01 : External clock 
ae: 10: 1/2 of timer 2 
ee) ~ H:1/4 og 
A _ Sync. 
circuit 


: Serial 1/0, 
counter (3) 
SiM, S;M2 
P35 latch 
a 
P3s5/Soumt SiMe —_ 

| Serial |/O, 

(8) 


« : 
€ register 








P36/CLK, 


TM : Timer control register 
S,M : Serial 1/0, mode register 
IF1 : Interrupt request distinguish register 1 











Timer 3 
prescaler latch(8) 
oes 26 
Timer 3 prescaler (8) ¥ 






8 

Timer 3 latch(8) — 
8 

' Timer 3(8) | Ts 

| - 8 a 


—>()<— Selection gate (At reset the 
y shaded side is connected.) 


Timer 3 interrupt request bit (IF1,) 


Fig. 5 Block diagram of timer 1 through timer 3 
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Timer 4 prescaler 
@ latch (8) 


P32 / CNTR 


Timer 4 interrupt request bit (IF2s) 


Serial I/O» clock selection register 


N=] 
*N=2 
‘N=4 
‘“N=8 
-_N= 


“4 
[o>] 


M 
P45 / CLK» S2M1_ S2Mo 


+ 00, 01 : External clock 
{\ Sync. | ° 
a circuit 10 : 1/2 of timer 4 
11 : Serial 1/0, clock divider 
SoM, SoM2 


Serial 1/O. 
counter (3) 
P45 latch 


S2M2 ; 
P45 / Sourte2 : 
& Serial I/O. IF2 : Interrupt request distinguish register 2 


| register (8) S2M : Serial 1/02 mode register 
P4,/ Sino . 


Selection gate (At reset the 
_ shaded side is connected.) 





Fig. 6 Block diagram of timer 4 


i 
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SERIAL //O, 
A block diagram of the serial |/O, is shown in Figure 7. In 
the serial |/O, mode, the receive ready signal (Sppy;), syn- 


chronous input/output clock (CLK,), and the serial 1/O,_ 


(Sours, Sin1) pins are used as P37, P35, P35, and P34, re- 
spectively. ; | 

The serial I/O, mode register (address O00F6,,) is an 8-bit 
_register. Bits 1 and 0 of this register are used to select a 
synchronous clock source. When these bits are (00) or (01) 


, an external clock from P3, is selected. When these bits — 


are (10), the overflow signal (from timer 2) divided by two 
becomes the synchronous clock. Therefore, changing the 


timer period will change the transfer-speed. When the bits 
are [11], the internal clock ¢ divided by 4 becomes the 
clock. . 

Bits 2 and 3 decide whether parts of P3 will be used as a 
serial I/O or not. When bit 2 is “1”, P83, becomes an I/O pin 


of the synchronous clock. When an internal synchronous is 


selected, the clock is output from P3.. If an external syn- 
chronous clock is selected, the clock is input to P3.. And 
P3s will be a serial output and P3, will be a serial input. To 
use P3, as a serial input, set the directional register bit 


which corresponds to P3, to “0”. For more information on 


the directional register, refer to the I/O pin section. 


Timer 2(8) 


to timer 2 or serial 
I/O interrupt 
request bit 


i“ clock 
=~ MSB ___ Serial I/O register(8) LSB : 
( ) is | .= 2 


Address 00F7;.) : 
‘Data bus 


Serial 1/0; mode register 


Synchronous clock selection bit 


00: 
01: 


10 : Timer. 2 overflow signal divided by 2 
11: Timing ¢divided by 4 


External clock 


Serial 1/O, port selection bit (P35, P3g) 
0 : Normal I/O port 
1 = Serial 1/0, port 


Srpy1 signal output selection bit (P37) 
0 : Normal I/O port. 


1° Sgoy1 signal output pin 





Fig. 7 Block diagram of serial I/O 
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To use the serial 1/0, bit 2 needs to be set to “1”, if it is “O” 
P3,— will function as a normal !/O. Interrupts will be gener- 
ated from the serial |/O, counter instead of timer 1. Bit 3 
determines if P37 is used as an output pin for the receive 
data ready signal (bit3 = “1”, Sapy;) or used as anormal |/O 
pin (bit 3=“0"). 

The function of the serial |/O, differs depending on the 
clock source; external clock or internal clock. 

Internal Clock — The Sarpy: signal becomes “H” during 
transmission or while dummy datais storedinthe serial I/O, 
register. After the falling edge ofthe write signal, the Srpyi 
signal becomes low signaling that the M50944-XXXSP is 
ready to receive the external serial data. The Sapy, signal 
goes “H” at the next falling edge of the transfer clock. The 
serial |/O, counter is set to 7 when data is stored in the se- 








rial 1/0, register. At each falling edge of the transfer clock, 


serial data is output to P3,. During the rising edge of this 
clock, data can be input from P3, and the data in the serial 
I/O, register will be shifted 1 bit. Data is output starting with 
the LSB. After the transfter clock has counted 8 times, the 
serial I/O, register will be empty and the transfter clock 
will remain at a high level. At this time the interrupt request 
bit will be set. | | | 
External Clock — If an external clock is used, the interrupt 
request will be set after the transfter clock has counted 8 
times but the transfter clock will not stop. Due to this 
reason, the external clock must be controlled from the out- 
side. The external clock should not exceed 250kHz at a 
duty. cycle of 50%. 

Timing diagrams are shown in Figure 8, and connections 
between two M50944-XXXSPs’ are shown in Figure 9. 


Serial |/O, register 
write signal 


Serial 1/O, output 
Sourt 


Serial 1/0, input 
; Sint 


Receivable signal 


Sroy1 


Fig. 8 Serial 1/0, timing 





Interrupt request bit set 
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Sending side | | _ Receiving side 


Serial |/O; mode register Receiving I/O, mode register 


bit3 bit 0 ~ bit3 bit 0 


Cent ta aRELE 


Set the directional 
register for P37 pin Synchronous clock 
in input mode. 


Set the directional 
register for P3, pin 
in input mode. 


Serial data 





Fig. 9 Example of serial 1/O, connection 


7 : 0 
r {| | { tL [ [| Serial 1/0, mode register (Address 00F6,¢) 


Synchronous clock selection bit 
00: 
01: 
10 : Timer 2 overflow signal divided by 2 
11: Timing ¢divided by4 

normal operation : f(Xiy)/16 
low-speed operation : f(Xcin)/8 


External clock 


‘Serial 1/0, port selection bit 


0 : Normal I/O port 
1: Serial 1/0, port 


Srpyi signal output selection bit 
0 : Normal I/O port 
1: Sppy1 signal output pin 


P33/T output selection bit - 
0 : Normal I/O port 
1 : Timer 2 overflow signal divided by 2 


Clock(Xin-Xour) stop bit 
0 : Oscillation 
1 : Stop 


Internal system clock source selection bit 


0 : Xiw-Xour (normal mode) 
1: Xcin-Xcour (low-speed mode) 





Fig. 10 Structure of serial 1/O, mode register 





Bs . | 7 MITSUBISHI 
gr oI8 | 3 ELECTRIC 


MITSUBISHI MICROCOMPUTERS 


M50944-XXXSP/FP 


SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 





SERIAL 1/0, 

A block diagram of the serial I/O» is shown in Figure 11. 

In the serial 1/0. mode the receive ready signal (Sean) 
synchronous input /output clock (CLK), and the serial I/O. 
pins (Sours, Sino) are used as P4,, P4,, P45, and P44, re- 
spectively. 

The serial 1/O. mode register (address 00F4,,) is an 8-bit 
register. Bits 1 and O of this register is used to select a 
synchronous clock source. 

When these bits are (00) or (01), an external clock from 
P4, is selected. When these bits are (10), the overflow sig- 
nal from timer 4, divided by two, becomes the synchronous 





circuit 


PA, @ CLK, 


P45 (_) Sour2 


P4, ‘Ss Si un 


ol 


External 


Divider 


Sync. . Serial 1/O» counter (3 * 


ns ae clock 


clock. Therefore, changing the timer period will change the 
transfer speed. When the bits are [11], the timing ¢ divided 
by 4, becomes the clock. 

Bit 2 and 3 decide whether parts of P4 will be used as a 
serial |1/O2 or not. When bit 2 is a “1”, P4g becomes an I/O 
pin of the synchronous clock. When an internal synchronous 
clock is selected, the clock is output from P4g.. If an exter- 
nal synchronous clock is selected, the clock is input to P4, 
and P4, will be a serial output and P4, will be a serial in- 
put. To use P4, as a serial input, set the directional register 
bit which corresponds to P4, to “O”. For more information on 
the directional register, refer to the I/O pin section. 











Timer 4 
prescaler (8) 





Timer 4 (8) 






SoM, 
: Serial I/O. 
during 


Reset a 
Serial I/O. transfer 


register write signal ‘1 : Serial I/O. 
end 





ane ese 


Serial IMSB Serial 1/0» register(8) LSB register (8 


(Address O0F5,¢) al 
Data bus 





et ttt EL Lo Serial |/O2 mode register (Address 00F4,,) 


Ek Synchronous clock selection bit 


00: 

01: | External clock 

10 : Timer 1 overflow signal divided by 2 
11: Timing ¢ divided by 4 


Serial I/O. port selection bit (Pde, P45) 
0 : Normal I/O port 
1 : Serial 1/O2 port 


Sroy2 Signal output selection bit (P47) 
0 : Normal !/O port 





Fig. 1 1 Block diagram of serial I/O. 


- 1: Sapye signal output pin 
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To use the serial |/O2, bit 2 needs to be set to “1”, if it is 
“0” P4g, will function as a normal I/O. Bit 3 determines if P4, 


is used as an output pin for the receive data ready signal 


(bit 3=1, Srpy2) or used as normal I/O pin (bit 3=0). The 
serial |/O. function is discussed below. The function of the 
serial |/O. differs depending on the clock source; external 
clock or internal clock. | | 





Internal clock—The Srpye signal becomes “H” during trans-— 


mission or while dummy data is stored in the serial 1/O2 
_ register (address OOF5,,¢). After the falling edge of the 
write signal, the Skee signal becomes low signaling that 
the M50944-XXXSP is ready to receive the external serial 


data. The Sapy2 signal goes “H” at the next falling edge of . 


the transfer clock. The serial |/O, counter is set to 7 when 
data is stored in the serial I/O. register. At each falling 


edge of the transfer clock, serial data is output to P4,. Dur- 
ing the rising edge of this clock, data can be input from P4, . 
and the data in the serial I/O, register will be shifted 1 bit. 
Data is output starting with the LSB. After the transfer clock 
has counted 8 times, the serial I/O2 register will be empty 
and the transfer clock will remain at a high level. At this 
time the serial |/O2 end bit will be set. 

External clock—If an external clock is used, the interrupt 
request will be sent after the transfer clock has counted 8 
times but transfer clock will not stop. ) | 


_ Due to this reason, the external clock must be controlled. 


from. the outside. The external clock should not exceed 
250kHz at a duty cycle of 50%. The timing diagram is 
shown in Figure 12. 


Serial I/O2 register 
write signal 


Serial |/Oz output 
Sout2 


Serial 1/O> input. 
Sinz 


Receivable signal: 
Sapy2 


Fig. 12 Serial |/O2 timing 





Serial 1/O> completion bit set 
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A block diagram of clock divider for serial I/O. is shown in 
Figure 13. Bit 2, 1 and O of the serial I/O. clock selection 
register (address 00F8,,) determine the dividing ratio of 
the serial |/O. clock. When these bits are [OXX], the timing 
¢ divided by 4 is selected. When these bits are [100) , 





Fig. 13. Clock divider for serial 1/O. 


7 0 
| | | | [TTT ] Serial 1/0, mode register 


(Address 00F44.) 


Synchronous clock selection bit 


External clock 


10 : Timer 4 overflow signal divided by 2 
11 : Divider for serial 1/O2 clock 


Serial !/O2 port selection bit 
0 : Normal !/O-port 
1 : Serial I/O. port 


Srpy2 signal output selection bit 
0 : Normal !/O port 
1 = Sppye2 signal output pin 


Serial |/O2 end bit 
_ 0 > Serial 1/02 during transfer 
_ 1 = Serial 1/O. end 


Fig. 14 Structure of serial |/O2 mode register 





(101), (110) and (111), the timing ¢ divided by 8, 16, 32 
and 64 are selected respectively. | 

To use the clock divider for serial |/O2, both bit 1 and bit 0 
of the serial |/O2 mode registér (address 00F4,,) need to 
be set to “1”. . 


Serial I/O. clock 


Serial 1/O2 clock selection register 
(Address 00F8;¢) 


Serial 1/O. clock selection 
register (Address 00F8,.) 


Synohronous clock selection bit 
000 
ae Timing ¢ devided by 4 
011 
100 : Timing ¢ devided by 8 
101 : Timing ¢ devided by 16 
110: Timing ¢ devided by 32 
111 : Timing ¢ devided by 64 
INT, input polarity selection bit 
0: Interrupt request by 
falling edge 
1: Interrupt request by 
_ rising edge 
INT. input polarity selection bit 
0 : Interrupt request by 
falling edge 
1 : Interrupt request by 
rising edge 





Fig. 15 Structure of serial |/O2 clock selection register 
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A-D CONVERTER 

The A-D converter circuit is shown in Figure 17. The analog 
input ports of the A-D converter (INj~IN,) are in common 
with the input ports of the data bus. 

The 6-bit A-D control register is located at address 00F3;,. 


One of the. eight analog inputs is selected by bits 0, 1 and 2 


of this register. 


A-D conversion is accomplished by first selecting the ana- 


log channel (bit 0, 1 and 2) to be converted. The conversion 
is started when dummy data is written into address OOEF;.. 
When the conversion is finished, an interrupt is generated 
- by the A-D and the digital.data. can be read from the A-D 
register (address OOEF,,). The end of the conversion is de- 
terminéd by either the A-D conversion end bit (bit 5 of the 
A-D control regiser) or an A-D interrupt request bit. 


The A-D conversion can also be programmed for high or | 


low speed conversions. This is accomplished by using the 
A-D conversion speed switch bit (bit 4 of the A-D control 
register) . For more information on the electrical character- 


A-D control register (address 00F3,6) 


“Analog input select bit 
000 : INg 
001° IN, 
010: IN» 
011° IN 
100 : IN, 
101° INs 
110° INg 
1112 INz 


A-D conversion speed switch bit 
0 : High speed* . 
1 > Low speed 


A-D conversion end bit © 
Q : Under conversion 


istics of the high and low speed conversions, refer to the | - End conversion 


electrical characteristics section. | 

Port IN can also be used as an input port by reading data 
into address 00EC;,. However, this cannot be done during 
A-D conversions. : 

The A-D control register is shown in Figure 16. 


* High speed atgé=1MHz 
Low speed at 6=1MHz | 

Convert speed; tap=/2us 

Convert speed; tap=288us 





Fig. 16 Structure of A-D control register 
“Data bus) 


A-D Control 
register 


(Address 00ECi¢) |... 


A-D interrupt request bit 


A-D control 
circuit 


Successive 


approximation 
Comparator PPregister 


(A-D register) 
(Address 00EF,¢) 


Switch tree 


<= 
oO 
4 
= 
2] 
D 
2 
wo 
c 
o 
x< 
co) 
2 
= 
=] 
E 
x) 
Cc 
c 
o 
= 
o 
Loe] 


Ladder resistor 





Fig. 17. A-D conversion circuit 
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RESET CIRCUIT 

The M50944-XXXSP is reset according to the sequence 
shown in Figure 20. It starts the program from the address 
formed by using the content of address FFFFi. as the high 
order address and the content of the address FFFE,. as the 
low order address, when the RESET pin is held at “L” level 
for more than 2us while the power voltage is in the recom- 


Address 
Port PO directional register (DO) (E116) -- 


Port P1 directional register (D1) (E3,,¢) -:- 0016 
Port P2 directional register (D2) (E516) --- ' 0016 
Port P3 directional register (D3) (E916) --- 0046 





Port P4 directional register (D4) (EBi.). 0046 


Serial 1/O, mode register (S,M) (F646) ... *]*] [ofofofo 
Serial 1/O2 mode register (SoM)(F4j6) ... | [ [o]o]ofo| 


(1F1) (F446) el: 


Serial 1/O. clock selection (F646) 
register 


A-D contro! register (F316) 
Interrupt request 
distinguish register 1 


Interrupt request 
distinguish register 2 


(IF2) (F216) °°" 


Interrupt control register (IM) (FF4.5)"*" 


Timer control register (TM) (FEy6) -- 
Interrupt disable flag for (PS) °°: 
processor status register 


Contents of 


(PCy) ap address FFFFi¢ 


15) Program counter 


yes Contents of 
(PC) address FFFE1¢ 


Since the contents both registers other than those listed above 
(inclouding timer 1, timer 2, timer 3, and the serial I/O register) and 


the RAM are undefined at reset, it is necessary to set initial values 
Note : * means mask option 


Fig. 18 Internal state of microcomputer at reset 


f(xiy) ---- -- 


RESET 


_ bee 


SYNC 


Address 


’ 8~12 clock cycles 


Fig. 20 Timing diagram at reset 





C2 K 21X00. SX. 9X00, S-AXFFFEXFFFEX AB) 
Data 2K 2M PCH POLX PSX ADL ADu) 


Note : Frequency relation of f(Xin) and.¢ is f(Xiy)=4-¢. 


mended operating condition and the crystal oscillator 
oscillation is stable and then returned to “H” level. The in- 
ternal initializations following reset are shown in Figure 18. 
An example of the reset circuit is shown in Figure 19. 

When the power on reset is used, the RESET pin must be 
held “L” until the oscillation of X;y-Xoyur becomes stable. 


: Power on 
M50944-XXXSP : 


M50944-XXXSP 


RESET 
Supply voltage 
detection circuit 





Fig. 19 Example of reset circuit 


Reset address from 
the vector table 


The mark “?” means that the address is changing 
depending upon the previous state. 
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/O PORTS 


(1) 





2382 


Port PO | 7 

Port PO is an 8-bit output port with N-channel open 
drain and high voltage output. Each pin has a pull-up 
transistor option. As shown in the memory map ( Figure 
1), port PO can be accessed at zero page memory 
address 00E0j.. 

Port PO has a directional register (address 00E14g) 
which can be used to program each individual bit as 
input (“0”) or as output (“1”). If the pins are program- 
med as output, the output data is latched to the’ port 
register and then output. When data is read from the 
output port the output pin level is not read, only the 
latched data in the port register is read. This allows a 
previously output value to be read correctly even 
though the output voltage level is shifted up or down. 
Pins set as input are in the high impedance state and 
the signal levels can thus be read. When data is writ- 
ten into the input port, the data is latched only to the 
output register and the pin still remains in the high im- 
pedance state. 

Depending on the status of the processor status regis- 


ter (bit 0 and bit 1 of address OOFF,.), four different 


modes can be selected; single-chip mode, memory ex- 
panding mode, microprocessor mode and eva-chip 
mode. These modes (excluding single-chip mode) 
have a multiplexed address output function in addition 
to the I/O function. For more details, see the processor 


mode section. 


Port P1 

In the single-chip mode, port P1 has the same function 
as PO. In the other modes, P1’s functions are slightly 
different from PO’s. For more details, see the processor 
mode section. 

Port P2 | 


In the single-chip mode, port P2 has the same function — 
as PO. In the other modes, P2’s functions are slightly 
‘different from PO's. For more details, see the processor 


mode section. 
Port P3 | 
Port P3 is an 8-bit I/O port having CMOS output. Each 


pin is shared with serial I/O,, timer overflow and exter- . 


nal interrupt input functions. These functions remain the 
same even if the device is used in other modes. 

Port P4 : . | 

Port P4 is an 8-bit 1/O port with CMOS outputs. Each 
pin is shared with serial I/O, and external interrupt in- 
put functions. During all modes except single-chip 
mode, P4, and P4, function as both SYNC and R/W 
outputs as well as !/O ports (see processor mode 
section). | 

Port R ; 

Port R is a 4-bit input port. 


(7) 


Port IN 

Port IN is an 8-bit input port to the A-D converter. It can 
also be used as an input port by reading the input data 
into address 00EC,.. However, this port cannot be read 
during A-D conversion. 

Clock ¢ output pin 

This is the timing output pin. When selected the main 
clock (Xinj-Xour) as:the internal system clock, the clock 
frequency divided by four is outputed. However, when 


selected the clock for clock function (Xcin-Xcour), the 


clock frequency divided by two is outputed. 
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Port PO, P1, P2 . 
register ic N-ch open drain output 


\ 


_ Port latch ae = Port PO, P1, P2 


Data bus 


Port P3, P4 


Port P3, P4 


Directional 
ae register - 
P 


Data bus ort latch po 





Input 


Data bus —_<}#—_CO 


Port R 





* Mask option 


Fig. 21 Block dlagram of port PO~P4 and port R (single-chip mode) 
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PROCESSOR MODE 

By changing the contents of the processor mode bit (bit 0 
and 1 of address OOFF,,), four different operation modes 
can be selected; single-chip mode, memory expanding 
mode, microprocessor mode and evaluation chip (eva- 
chip); mode. In the memory expanding mode, micro- 
processor mode and eva-chip mode, PO~P2 and P4 can 
be used as multiplexed I/O for address, data and control 
signals, as well as the normal functions of the I/O ports. 
Figure 23 shows the functions of ports PO~P2, and P4 cor- 
responding to each mode. 

The memory map of the single-chip mode is illustrated in 


Figure 1, and the other modes are shown in Figure 22. By 


connecting the CNVss to Vss, all four modes can be 
selected through software by changing the processor mode 
| regsiter. Connecting CNVss to Vcc automatically forces the 
microcomputer into microprocessor mode. Supplying 10V to 
CNVss places the microcomputer in the eva-chip mode. 
~ The four different modes are explained as follows: 


Internal . 
ROM 





state, PO retains its original |/O functions. 


. Port P1’s higher 8 bits of address data are output when 


¢@ goes “H” state and as it changes back to the “L” 
state it retains its original |/O functions. 


-Port P2 retains its original output functions while ¢ is at 


the “H” state, and works as a data bus of D7 ~ Do 
(including instruction code) while at the “L” state. 

Pins P4, and P4) output the SYNC and R/W control 
signals, respectively while ¢is in the “H” state. 

When in the “L” state, P4, and P4, retain their original 
I/O functions. 

The R/W output is used to read/write from/to the out- 
side. When this pin is in the “H” state, the CPU reads 
data, and when in the “L” state, the CPU writes data. 
The SYNC is a synchronous signal which goes “H” 


state when it fetches the OP code. 


Microprocessor mode [10) 

After connecting CNVss to Vcc and initiating a reset, 
the microcomputer will automatically default to this 
mode. The relationship between the input level of 
CNVsgg and the processor mode is shown in Table 2. 

In this mode, port PO and P1 are used as the system 
address bus and the original function of the I/O pin is 
lost. Port P2 becomes the data bus (D;~D,) and loses 
its normal I/O functions. Port P4; and P4) become the 
SYNC and R/W pins respectively and the normal I/O 
functions are lost. 





(4) Eva-chip mode [11] 
When 10V is supplied to the CNVss pin, the micro- 
computer is forced into the eva-chip mode. This mode 
has almost the same function as the memory expanding. 
mode except that it needs all its programs to come 
from the outside (including ROM programs). The main 
Internal RAM purpose of this mode is to evaluate ROM programs 
, prior to masking them into the microcomputer’s internal 
Memory | Eva-chip Microprocessor ROM. 
expanding mode mode mode 
_The shaded area is external memory area. 
Fig. 22 External memory area in processor mode. — 
(1) Single-chip mode (00) 
The microcomputer will automatically be in the single- 
chip mode when started from reset, if CNVss is con- 
nected to Vss. Ports PO~ P4 will work as original I/O 
ports. 
(2) Memory expanding mode (01) 
The microcomputer will be placed in the memory ex- 
panding mode when CNVgg is connected to Vsg and 
« the processor mode bits are set to “01”. This mode is 
_ used to add external memory when the internal mem- 
ory is not sufficient. 
The lower-8 bits of address data for port PO is output 
when ¢ goes to the “H” state. When ¢ goes to the “L” 
2—384 MITSUBISHI 


ELECTRIC 


MITSUBISHI MICROCOMPUTERS 


M50944-XXXSP/FP 


SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 


Microprocessor mode 


Ports P0;~P0, Ports P07~P0, Same as left Ports P0;~P0, 
/O Port aes X W/O Port | oo 


Ports P17~P1o | Ports P17~P1 meme as lel , Ports P17~P1, 
x I/O Port aes 1/0 Port augress | 


. “1 §s left 
Ports P2,;~P2, Ports P2;~P2, aces Ports P2;~P2, 
Data : terete Data 
x 1/O Port I/O Port D;~Do D D7~Do 


Ports P4,~P4, Ports P47~P4, Ports P47~P42 


1/O Port 1/O Port —— 1/O Port 


Same as left 
PortP4, > Port Pay 


SYNC (1/0 Port | SYNC > | 


Port P4o Port P40 
1/O Port R/W 


Fig. 23 Processor mode and functions of ports PO~P2, P4 





abie Z. Heiationship pDetween CiiVss pin input ievei and processor mode 







Explanation 
















* Single-chip mode 
* Memory expanding mode 
* Eva-chip mode 


The single-chip mode is set by the reset. 
Ail modes can be selected by changing the processor mode bit with the program. 










* Microprocessor mode 
Vo * Eva-chip mode . The microprocessor mode is set by the reset. 
* Microprocessor mode Eva-chip mode can be also selected by changing the processor mode bit with the program. — 


Cc ‘ 
* Eva-chip mode Eva-chip mode only. 
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CLOCK GENERATING CIRCUIT 

The M50944-XXXSP has two internal clock generating cir- 
cuit. Figure 26 shows a block diagram of the clock generat- 
ing circuit. Normally, the frequency applied to the clock in- 
put pin Xj divided by four is used as the internal clock 


(timing output) ¢. Bit 7 of serial 1/0, mode register can be © 


used to switch the internal clock ¢ to 1/2 the frequency ap- 

plied to the clock input pin Xcin. 

- Figure 24 shows a circuit example using a ceramic (or 
crystal) oscillator. Use the manufacture’s recommended 
values for constants such as capacitance which will differ 
depending on each oscillator. When using an external clock 
signal, input from the Xin (Xcin) pin and leave the Xour 
(Xcour) pin open. A circuit example is shown in Figure 25. 
The M50944-XXXSP has two low power dissipation modes; 
stop and wait. The microcomputer enters a stop mode 
when the STP instruction is executed. The oscillator (both 
Xin Clock and Xcin_ Clock) stops with the internal clock ¢ 
held at “H” level. In this case, ¢/4 is selected as timer 3 
prescaler input. Before executing the STP instruction, 
appropriate values must be set in timer 3 prescaler and 
timer 3 to enable the oscillator to stabilize when restarting 
oscillation. And the timer 3 count stop bit must be set to 
supply (“0”), timer 3 interrupt enable bit must be set to en- 
able (“1”), and-timer 3 interrupt request bit must be set to 
no request (“0”), INTs or timer 3 interrupt enable bit must 
be set to disable (“0”) and INT2 or timer 3 interrupt request 
bit must be set to no request (“0”). . 
Oscillation is restarted (release the stop mode) when INT,, 
INTs, INTs, INT,,-or serial 1/O, interrupt is received. The in- 
terrupt enable bit of the interrupt used to release the stop 
mode must be set to “1”. When restarting oscillation with an 
interrupt, the internal clock ¢is held “H” until timer 3 over- 
flows and is not. supplied to the CPU. When oscillation is 
restarted by reset, “L” level must be kept to the RESET pin 
until the oscillation stabilizes because no wait time is 
generated. | 2 | 
The microcomputer enters a wait mode when the WIT in- 
struction is executed. The internal clock ¢stops at “H” 
level, but the oscillator does not stop. ¢ is re-supplied (wait 
mode release) when the microcomputer is reset or when it 

receives an interrupt. Instructions can be executed im- 
mediately because the oscillator is not stopped. The inter- 
rupt enable bit of the interrupt used to reset the wait mode 
must be set to “1” before executing the WIT instruction. 











Low power dissipation operation is also achieved when the | 


Xin Clock is stopped and the internal clock ¢ is generated 
from the Xow clock (120A max. at f(Xcin) = 32kHz). Xin 
~ Clock oscillation is stopped when the bit 6 of serial I/O. 
mode register (address O0F6,,) is set and restarted when 


it is cleared. However, the wait time until the oscillation sta- | 


bilizes must be generated with a program when restarting. 
An “L” level must be kept to the RESET pin until the 
oscillation. stabilizes when resetting while the X,;y clock is 








stopped. Figure 27 shows the transition of states for the 
system clock. . 


M50944-XXXSP - 


Xin Xout Xcin Xcout 


M50944-XXXSP 


Xin Xcout Xcin Xcout 
29 
External OPEN 


Oscillating 
Circuit 


External 
Oscillating 

Circuit or 
External pulses 


Vss 


Fig. 25 External clock input circuit 
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Xcin Xcour 








Timer 3 
| Prescaler 
Timer 3 count 


source selection TMs ~ 






. Internal 
System clock system 


stop bit clock source 
selection S;M7 











SiMe 











Internal clock 
timing output ¢ 






S,Mz 







STP instruction 





instruction instruction 


Cc | Reset 


Interrupt 


e disable 
i 


INT, interrupt enable 


INT, interrupt request 
a (or timer 1) 


Timer 2 interrupt enable 


Timer 2 interrupt request 
(or serial 1/O,) 


INT» interrupt enable 


INT2 interrupt request 
(or timer 3) 
INTs interrupt enable 


MOC 


INT; interrupt request 
(or timer 4) 
INT, interrupt enable 





INT, interrupt request 
(or A-D) 






Fig. 26 Block diagram of clock generating circuit 


\ 
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when CLK option “0” 
























WIT Instruction 
4MHz Oscillation —<_____—_—. 


32kHz Oscillation 
¢ =STOP (“H”) 
Timer Action 


. STP Instruction 
4MHz Oscillation ———— 


-32kHz Oscillation 
¢ =1MHz 


4MHz Oscillation STOP 
32kHz Oscillation STOP 
¢=STOP 








——— 

- Interrupt Interrupt (Note 1) 

External interrupt fae interrupt 
Timer interrupt 


Serial 1/O cl 
Serial !/O interrupt 


S; M7=0 




















nese . WIT Instruction 
4MHz Oscillation ec 


32kHz Oscillation 
~¢ =STOP 


Timer Action (Note 3) 





STP Instruction 
OS 





4MHz Oscillation 
32kHz Oscillation 
¢ =16kHz 


4MHz Oscillation STOP 
32kHz Oscillation STOP 
| ¢=STOP 





—_—_— 
Interrupt 
Interrupt (Note 1) 


S:Me=1 S;M.g=0 (Note 2) 


















WIT Instruction. STP Instruction 








| 4MHz STOP | 
32kHz Oscillation 
¢ =STOP 
Timer Action (Note 3) 


4MHz STOP 
32kHz Oscillation 
¢ =16kHz 


4MHz Oscillation STOP 
32kHz Oscillation STOP 
¢ =STOP 






ee eee ees 
' Interrupt 
Interrupt (Note 1) 


when CLK option “1”. 


Note 1. At recovery from the STP Instruction, wait time occurs automatically by connecting timer 3 prescaler and timer 3. 
This time is set by the program. _ 


2. When S,;M.e=1, and unsystem clock is operated, a programmed wait time may be necessary to allow the oscila- 
tor stabilize. 


3. When connected the clock divided by four as the count source of timer, frequency of count source is 4kHz. 


Fig.27 Transition of states for the system clock 
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<An example of flow for system> | 


Normal operation 


Operation on the clock 
function only 


R AM backup function 


Return from RAM backup 
function 


Return from clock function 


(1) When CLK option “0” (2) When CLK option “1” 
Power on reset ios Power on reset 
Clock X and Clock for clock function Xc¢ oscillation Clock for clock function X¢ oscillation 
Internal svete ee start (X -1/4— ¢) Internal system clock start (X_ +1/2— ¢) 
Program start ints RESET vector — Program start nom RESET vector 
+—-Operation at 4 MHz Operation at 


§ 
Internal clock ¢ source switching X( 4 MHz)—Xce x(32. 768kKHz)(S;M7 : 0-1) 






32. 768kKHz. 


Clock X halt (X¢ in operation) (S;M.e= 1 ) 
Internal clock halt (WIT instruction) 
Timer 1 (clock count) overflow 


Internal clock operation start (WIT instruction) 


Clock processing routine — Operating at 32. 768kHz 


| 


Internal clock halt (WIT instruction) 

INT, or timer 1, timer2 or serial 1/O,, INT2 or timer 3 INTs or timer4, INT, 
Internal clock operation start (WIT instruction released) 

Program start ee interrupt vector 


Clock X oscillation start (S;M.e= 0 ) 


Oscillation rise time routine (software) +Operating at 32. 768kKHz 


| 


Internal clock ¢ souce switching (X—¢—X)(S;M7: 1-70) 


Normal program Operating at 4MHz 


STP instruction preparation (pushing registers) 


| 


Timer i" interrupt disable (IF1p>=1, IM,=0O), Timer 3 interrupt no request (IF1,—=0, IMs=0) 
Timer spout stop bit resetting (TMs = 0 ) 


Clock X and clock function Xo halt (STP instruction) 


RAM backup status — 


Interrupts from ik INTs, INTs, INT, or serial 1/0, 





Clock X.and clock for clock function Xo oscillation start 


Timer 3 overflow (X/16 or X-/8—+timer 3 prescaler—timer 3) 
(Automatically connected by the hardware 


Internal system i start (X/4 or X~/2— ¢) 


Program start from interrupt vector 


Normal program 
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PROGRAMING NOTES 

(1) The frequency ratio of the timer is 1/(n+1).(n=0~ 
255) 

(2) When the timer 1, timer 2, timer 3 or timer 4 is input 
the clock except ¢/4 or it divided by timer, read the 
contents of these timers either while the input of these 
timers are not changing or after counting of timers are 

| stopped. 

(3) Even though the BBC and BBS instructions are ex- 
-ecuted after the interrupt request bits are modified (by 
the program) , those instructions are only valid for the 
contents before the modification. Also, at least one in- 

— struction cycle must be used (such as NOP) between 
the modification of the interrupt request bits and the 
execution of the BBC and BBS instructions. 

(4) After the ADC and SBC instructions are executed (in 
decimal mode), one instruction cycle (such as a NOP) 
is needed before the SEC, CLC, or CLD intructions are 
executed. 

(5) A NOP instruction must be used after the execution of 

a PLP instruction. 

Notes on serial |/O, 

Set “O” in the serial I/O, interrupt enable bit (bit 6 of 

address 00FF,¢) before setting the serial I/O, mode. 

Insert at least one instruction and set “0” in the serial I/O 

interrupt request bit (bit 7 of address 8 OOFF 6) after set- 

ting the serial 1/O, mode. 

Set “1” in the serial I/O, interrupt enable bit after the 

operation described in @. 

The timer 3 prescaler and the timer 3 must be set the 

necessary value immediately before the execution of a 

STP instruction. 

(8) .The Vref pin must be kept open or connected to Vgg at 
the low power dissipation mode. 

(9) Use the LDA (immidiate, T= 1) instruction to. modify 
the interrupt request distinguish register. SEB and CLB 
instructions can be used only when interrupts in the: 
register are not generated at executing these instruc- 
tions. 

(0) Do not write any data into an address where no regis- 

ter nor port is assigned. 


5 .@ 8 08 


DATA REQUIRED FOR MASK ORDERING 
Please send the following data for mask orders. 

(1) mask ROM confirmation form 

(2) mark specification form 


(3) ROM data crrrrctrccttertersteeeeetsetseeeeeeereees EPROM 3 sets 
' Write the following aa on the mask ROM cofirmation 
form 


¢ Port PO pull-up transistor bit 
¢ Port P71 pull-up transistor bit 
e Port P2 pull-up transistor bit 
¢ Port P3 pull-up transistor bit 
* Port P4 pull-up transistor bit 
* Clock source option at reset . 


¢ STP instruction 
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ABSOLUTE MAXIMUM RATINGS 


| Vv, __| Input voltage CNVss, POo~P07, Plo~P17, P2o~P2; 








: 

lv | Input voltage P89~P37, P4g~P47, INo~IN7, Vrer Output Transistors are at “OFF” state. 
| 

| mw 

ae ee 

















Output voltage P389~P37,P49~P47, Xcout, Xour, 


Vcc 

V, | | 
Vi 

V, : 

Vo Output voltage P0y~P07, P1p~P17, P2>~P2; 

| Pa | Power Dissipation Ta | 1000 Note 1) | sm 
Top | Oman te ees 


Note 1. 600mW for QFP type. 








RECOMMEND OPERATING CONDITIONS 


(Vec= 5 V410%, Ta=—10~70°C, unless otherwise noted) 


ymdo arameter Twain. | 
Nom. 
(Xin) =4MHz 5 
Supply voltage 
(Xin) S1MHz | 3 {5 


Supply voltage 


“H” input voltage P39~P3;, P4o~P4z, INo~IN7,CNVss 
“H” input voltage Ro~R3 


add lead 
or) 


ff is 


0 


Vcc 


Ve 
“H” input voltage RESET, Xin, Xcin 0. 8Vcc Vo 


co 
3 
| Vin | “H" input voltage P0.~P0, Plo~P17, P2o~P2 
“L” input voltage P0y~P07, Plo~P17, P2o~P2; 
P39~ P37, P49~P4;, INo~INz, CNVss 


f 


; 


“L” input voltage Ro~R3 
Wie. “L” input voltage RESET 


Vv 
V 


Vcc 
Vss 
1H 
Vin 
Vin 
ViH 
Vie 
Vie 
IL 
Vie 


ap” input voltage Xin, Xcin 


“L” sum output current POg~P07, P1g~P17, P29~P27 


“H” sum output current P39~P37, P4o9~P47 


“a ” 


lotcsum) ” sum output current P39~P37, P4g~P47 


ro: | 
= eel 
aa 
lo(peak) | “L” peak output current POy~P07, P1p~P17, P29~P2z Es 
fis al 
a 


“H” peak output current P39~P37, P4g~P47 


“L” peak output current P39~P37, P49~P4,7 


—1 


Oo 


“L” average output current POg~POQ7, Pl9~P17, P29~P27 
“H” average output current P3g~P37, P49~P47 
“L” average output current P39~P37, P49~P47 


Foxy) Clock oscillating frequency Vece=av. TCS 
CC 

f Clock oscillating frequency lVec=5v | 

Men’ | for clock function pega | 


Note 1. The maximum “H” input voltage for CNVsg is +12V. © 
2. The duty cycle for these oscillation frequency is 50%. 
3. When the low speed mode is used, the clock input oscillation frequency for the timer must satisfy 
the following expression : f(Xcin) <f(X,,)/ 3 . 
4. The avarage output current lon(avg) and lo.(avg) are the average value during a 100ms cycle. 
D+ fixeiy) Must be less than 50kHz when the external clock is to be used. 


~—!Wj)o);on!1o|o 
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ELECTRICAL CHARACTERISTICS (Vec= 5 V410%, Vss= Ov, Ta=25C, (X,,)= 4 MHz, unless otherwise noted) 


| sea | Limits 
a Typ. 

lv “H” output voltage P3p~P37, P4o~P4 | Nace 2 cous sone 

output voltage ~P37, P4o~ 
aaa P . : e : : ; ; Voc=3V, lon=—1.5mA 
Voc=5V, Ion=—2. 5mA 
“H” output voltage ¢ st os 
Voc=3V, lon=—0. 8mA 
“L” output voltage P0o~P07, P1p~P1z, | Voc=5V, lor=10mA 
OL 


P29~P27, P39~P37, P4p~P4, Voc=3V, lop =3mA 
. Vec=5V, loL=2.5mA 
“L” output voltage ¢ ce = 
Vec=3V, lot =O. 8mA 
_ | Hysteresis P39/INT;, P3,/INT2 use as interrupt 
Vr4+—Vr— a —— ' 
P4./INT3, P43/INT, input 
oo Vec=5V 
Vr74+—V7— | Hysteresis RESET 
Voc=3V 
. use as CLK Voec=5V 
Vr+—Vr— | Hysteresis P3g/CLK;, P4g/CLK2 
input age Vec=3V 
| Vy4—Vy_ | Hysteresis X piso 
—V;~ steresis ; | 
T+ T y IN Voo=3V 
Hysteresis P32/CNTR | Use as CNTR input 


Play iiyiel felets o|9 
om] ony) om o1 Oh] oO ALON Wwioln NEN — 1M NO 
3 [| s bpblsisis] 3 [<|<l<]<l<[<l<[<fele 


g 
> > 


Unit 


2 
Ww no} w | ro | w 














Von 
VoL 





Voc=5V 
Vec=3V 


i) 
— 
on 


=) . 
Ww 


io) 


° NTN O).|° 
Ww Or; Oo oy ao 








j=) 
— 
on 








V c=5V 


Oo 

oO oO 
—s 
1} = 













Voc=3V . 
“L” input current POo~P07, P19 ~P17 pull-up Try. [Vec=3v0— tid 
he _ : ee 
| pull-up Tr 12 
lie “L” input current INo~IN7 V.=0V - Eee! uA 
| _ erw Sid” 
ans | 
hie ‘LS input current RESET, Xin, Xcin, Ro~R3 V,=0V = Soe UA 
ve=v | Cd 
“H” input current POQg~P0;, P19~P17, ; oe 
lie ; V.:=5V, without pull-up transistor uA 
: P29~P27, P3o9~P37, P49~ P47 : 
“H” input current INg~IN7 V,=5V, not use as analog input ae 
. , Open output ports, 
: Xin=4MHz, Vec=5V 
Ve=Vec, mA 
Input port is Vss, 
aaa Xin=1MHz, Vec=3V 
at normal operation. 
Open output ports, 
e ee Xin=4MHz, Vcc=5V 
Vp=Vee, sas 
Input port is Vgs, 
‘ i 7 Xin=1MHz, Vec=3V 0.2 
at wait mode. 








Open output ports, 





Vec=5V 


NO 
oO 


g 
> 


at normal operation, stop 
Xin and Xour, Xci=32kHz. 
Open output ports, 


Vec=3V 














Voc=5V 


N 


Vp=Voc, Input portis Vss, 
at wait mode, stop Xin 


; Vec=3V 
and Xout: Xcin=32kHz. : 


Ta=25C . 
Vec=3V 


Vec=5V 
Vec=3V 


Stop all oscillation. 


zg 


Ta= 70°C 






< 
(2) 
QO 
I 
on 
< 


Supply current for A-D 








_at A-D converting time 


s 
> 
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, =4MHz Ceramic resonator 
> =32. 768kHz Quartz crystal 
resonator 
i =Cp =150pF 
R, =1MN 
R, =100k. 





Fig. 28 Test circuit for measuring supply current 


A-D CONVERTER CHARACTERISTICS (Vec=5V, Vss=0V, Ta=25C, f(Xi)=4MHz, unless otherwise noted) 


CNC ESTE ea RN 
ia i Absolute eeu’ Voc=AVec= Vrer=5. 12V 


ee 









3 


|_bits | 
| ka | 
fees 


barra Face 

alae 
/ | +3 | ss 
ae a 
a 
es s 
a v 
| V 







Vace | Vv | 
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TIMING REQUIREMENTS 


Single-chip mode (Vcc=5V+10%, Vss= OV, Ta=25°C, fix,)= 4 MHz unless other wise noted) 


Limits 
Symbol Parameter — Test conditions 
: Min. Typ. ax 


tsu(p2p—¢) | Port P2 input setup time 











Unit 


BF 

NS 

oO 
3 


5 


8 
SN 
oO 


NO 
NS 
oO 


NO : NO] DOT ROT RM 
NM ]@WIM MIMI MIMIMOLMO NIN) NN 
PPAF O)OSOD)OJSOPO;O;SOJO;O}O)}O 


tsu(p30—¢) Port P3 input setup time 


=] 
n 


tsu(pap—¢) Port P4 input setup time 





tsu(RD—¢) Port R input setup time 





tsuc(inD—¢) Port IN input setup time 








th(¢—Ppop) Port PO input hold time 


=) 
(7) 





thi ¢ —P1bD) Port P1 input hold time 





th( ¢g—p2b) Port P2 input hold time. 





th( ¢—pP3bD) Port P3 input hold time 


Port P4 input hold time 
Port R input hold time 
Port IN input hold time 


3 \|3 
nn 








nN 
or 


toca). | Exofrelstoseneil pop uney)— 
two) External clock input pulse width (Xn) Rie, 
te(xcn) External clock input cycle time (Xun) . i aaa 
twain) External clock input pulse width (Xow) in ee a | S 
External clock rising edge time Po 25 
ee el 


tr 
te | External clock falling edge time 


Memory expanding mode and eva-chip mode , 3 | 
| | j (Vec=5V£10%, Vss=0V, Ta=25°C, fcx)y)= 4 MHz unless otherwise noted) 


ate Limits 
Parameter Test conditions 
. Min. Typ. Max. 











Symbol Unit 


< 
TO 


NO 
NS 
(om) 


tsu(pop—¢) Port PO input setup time 





tsu(pP1D—¢4) Port P1 input setup time 


Port P2 input setup time 
th( g—pop) Port PO input hold time 
Port P1 input hold time 


th(¢—Pp2b) Port P2 input hold time | 







; NM] RM 
MTMTM INI N 
O;JOLOoO!]O]oa 









Microprocessor MOde (Vcc=5V+10%, Vss=0V, Ta=25°, fx),)== 4 MHz unless otherwise noted) 


Symbol | - Parameter 


Limits 
Typ. 


er | 
@ 
Q. 
(2) 
fe) 
S 
Q.. 
= 
fe) 
~—) 
nn 

) 

N 
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SWITCHING CHARACTERISTICS 
Single-chip mode (Vcc=5V+10%, Vss=0V, Ta=25°C, f(xy)= 4 MHz unless otherwise noted) 


| Ratgcpocy | Pon PO data ouput delaytine SSS 













a] 
2) 


a 
7) 








Memory expanding mode and eva-chip mode | | 
(Voc=5V410%, Vss=OV, Ta=25°, f(x,,.)= 4 MHz unless otherwise noted) 


Symbol Parameter Test conditions 


; Unit 




















+ 
< 
ue) 


Ww 
io) 
i>) 







NOyNM] dy 
o;}0;}o 
O};O};O 


ROP PM] Po 
O;o}o 
O;o;o 


pe) 
(-) 
i) 


De) 
(oe) 
io) 





NTNM | w 
01; O1| © 
O;oO};o 


ine) 
jo) 
io) 
3 
i?) 







NOT NM] DO 
1}; 01/0 
O;oO;o 






nN 
Oo 
oO 


NO 
oO 
oO 





Microprocessor mode (Vcc=5V+10%, Vss=0V, Ta=25C, fixyy)= 4 MHz unless otherwise noted) 


Limits 
sae aan | Typ. ol 
Typ. | Max. , 


in 

ieee | 
es ee 
ee a 







NTN 
o1 
O;}O 
cle 
no 


W]W 

oO;oO 

oO;oO 
=) 
no 












Fig. 29 Test circuit of ports PO~P4 
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TIMING DIAGRAMS 


in single-chip mode ee 


Port PO output 


Port PO input 


Port P1 output 


Port P1 input 


Port P2 output 


Port P2 input 


* Port P3 output 


Port P3 input 


Port P4 output 


Port P4 input 


Port R input 


Port IN input 





td (¢—P0aQ) 





>, es 


tsu \p20- 4) 
mM 
aa; -_ 






td (¢—p2a) 


>, ne 





> eames IS ane: 
a= 


tsu(ro—¢) 


toGan) or te xen) 


>, inn (aaa 


th (¢—Pop! 


th (¢—-p10) 


th (¢—-P20) 


th (¢—Ppap) 


<— th (¢—p4o 


thi¢—Rp) 


thig—iND) _ 
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In memory expanding mode and eva-chip mode 





td (¢—POAF) td (¢—Poar) 





td (¢—Poa) 


Port PO output 


Port PO input 


th (¢-PoD) 





td (¢—P1AF) — td (¢—Pp1aF) 


~ 
Qa 
e 

| 
x 
> 


Port P1 output 


>.>. GD. 
td (¢—-P1Q) 
tsu (P10—4) 
Port P1 input 


<— th (¢-pip) 














td (¢—P20F) 





Port P2 output 


Port P2 input 


— th (g—p2p) 


td (¢—R/w) td (¢—R/wr) <— td (¢—p3,0F) 


Port P49 output (R/W) 


td (¢—P3,QF) 


Port P4, output (SYNC) 





td (¢—P3,Q) 
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In microprocessor mode 






td (d—POA) 


Port PO output 


Port P1, output 


td (¢—p20F) 


Port P2 output 


tsu (p20-¢) 





Port P2 input 


th (¢—p20) 


td (¢—R/w) 


Port P4, output (SYNC) 


— oe > 


a, 
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DESCRIPTION . 

The M50950-XXXSP and the M50951-XXXSP. are single- 
chip microcomputers designed with CMOS silicon gate 
technology. Both are housed in a 52-pin shrink plastic 
molded DIP. 

These single-chip microcomputers are useful for business 
equipment and other consumer applications. 
In addition to their simple instruction set, the ROM, RAM, 
and |/O addresses are placed on the same memory map to 
enable easy programming. 

These microcomputers are also suitable for applications 
which require fluorescent display tubes. 

The differences between the M50950-XXXSP and the 
M50951-XXXSP are noted below. The following explana- 
tions apply to the M50950-XXXSP. Specification variations 
for other chips, these are noted accordingly. 


M50950-XXXSP 6144bytes 
M50951-XXXSP 4096bytes 


DISTINCTIVE FEATURES 
-@® Number of basic instructions isan se 9:9 Galinte io [eS0sb ie wie 9: oe’ bore eee ie Sere wale 69 
@ Memory size ROM::::: 6144 bytes (M50950-XXXSP) 
4096 bytes (M50951-XXXSP) 
SYN PE 144 bytes 
© Instruction execution time 
‘+++ 1.6us (minimum instructions, at 5MHz frequency) 
@ Single power supply f (Xiyj)=SMHZ 5V110% 
@ Power dissipation 
normal operation mode (at 5MHz frequency) ----20mW 
low-speed operation mode (at 32kHz frequency 









for clock function) ree ere eee ee 0.4mW 
@ Subroutine nesting sc 72 levels (Max.) 
e Interrupt re rrr re ee ee 7 types, 5 vectors 
@ 8-bit timers 3 (2 when used as serial |/O,) 
@ Programmable |/O ports (Ports P29, P2;, P3, P4) seed eye 14 
@ Input ports (Port P5) steebe tidial Maven’ wa oe aes maha es Salmo erases ani 6 
@® High-voltage output ports (Ports PO, P1, P22~P2;7) ---: 22 
@ Serial !/O (8-bit) WS caterghg wiahasar eed dielajeia aia’ a eel bia es bieia ie eal OS Awad ate bee ete y) 
@ Two clock generator circuit (One is for main clock, the 

other is for clock function) 

APPLICATION 


Office automation equipment 
VCR, Tuner, Audio-visual equipment 


PIN CONFIGURATION (TOP VIEW) 








P2,+-Li] © Vee. 










High-voltage 
I/O port P2 . 









High-voltage 


— P26 f 170 port P2 










| P2, ++ 
P29 + 


P43/Srpy2 ** 


1/O port P2 





































VO port P4./CLK2 +> 
P4 P4,/Souts > — POs | High-voltage 
P45/Sino > —> PQ, | output port PO ~ 
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_ register 
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High-voltage output pc -voltage output port High-voltage output p voltage output port. 
Note 1 : 4096 bytes for M50951-XXXSP 
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counter counter 
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Vss CNVss 
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4s 2 Instruction 
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FUNCTIONS OF M50950-XXXSP 
Number of basic instructions 


Instruction execution time 1.6us (minimum instructions, at 5MHz frequcncy) 


Clock frequency 
area 0 
Memory size 

Serial 1/O - | 8-bitX2 


Two external interrupts, Three internal timer interrupts 
(or timerX2, S$ 1/O,X1) 


Supply voltage 5V+10% | 

Power dissipation at low-speed operation | 
| 12V (Input/Output P29, P2,,P3,P4) | 
Input/Output voltage 

| 


Memory expansion Possible 


Operating temperature range —10~70°C 


Device structure CMOS silicon gate process rae 


52-pin shrink plastic molded DIP 





es) 
= 


P2,~P2, 


Input/Output ports 


a8) 
wo 


0 
a 















Input/Output characteristic 


Output current 


Package 
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PIN DESCRIPTION 


Functions 


Voc | Supply voltage 
V 


ss 
Pull-down voltage 


RESET Reset input To enter the reset state, the reset input pin must be kept at a “L” for more than 2us (under normal Vcc 
conditions).. 
If more time is needed for the crystal oscillator to stabilize, this “L” condition should be maintained for the 
required time. 


Clock input These are I/O pins of internal clock generating circuit for main clock. To contro! generating frequency, an 


external ceramic or a quartz crystal oscillator is connected between the Xi, and Xour pins. If an external 
Clock output 


Xin 


clock is used, the clock source should be connected the Xin pin and the Xour pin should be left open. 


Clock input for clock This is the I/O pins of the clock generating circuit for the clock function. To control generating frequency, 
function an external ceramic or a quartz crystal oscillator is connected between the Xcin and Xcour pins. If an exter- 


function 


Output port PO Output Port PO is an 8-bit output port. Output structure is high-voltage P-channel open drain. A pull-down transistor 
is built in between the Vp pin and this port. . 


— nal clock is used, the clock source should be connected to the Xcin pin and the Xcour pin should be left 
.Clock output for clock Output open. This clock can be used as a program controlled the system clock. 


At reset, this port is set to a “L” level. 


Output port P1 Output Port P1 is an 8-bit output port and has basically the same functions as port PO. 


1/O port P2 1/0 Port P2 is a 2-bit |/O port (P29, P2;) and a 6-bit high-voltage P-channel outputt port (P2.~P27) . | 
For P2y and P2;, output structure is N-channel open drain. A pull-down transistor is built in between the Vp 





pin and P2,~P2;. 


Port P3 is an 8-bit I/O port. When serial I/O; is used, P37, P3g, P35, and P3, work aS Sapy1, CLK, Sout, 
and Sin1 pins, respectively. P33 can be used as programmable output pin for the timer 1 overflow signal di- 


P389~P3, | I/O port P3 1/0 
| vided by 2. ! | 
P49~P4g | I/O port P4 1/0 Port P4 is an 4-bit I/O port. When serial I/O is used, P4g, P42, P41, and P49 work as Sroy2,CLKe, Sourz, and 
Sinz pins, respéctively. 


~ P52/INTs | Input port P5 
~ P53/INT; 


Bits 2 and 3 of port P5 are 2-bit input port and are in common with interrupt inputs. 


Bits 4~7 of port P5 are 4-bit input port. . aa 
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‘BASIC FUNCTION BLOCKS 


MEMORY 

A memory map for the M50950-XXXSP is shown in Figure 
1. Addresses E800,, to FFFF,, are assigned to the built-in 
ROM area which consists of 6144 bytes. 

Addresses F000;, to FFFF;, are the ROM address area 
assigned to the M50951-XXXSP. | 
Addresses FFO0;g to FFFF;, are a special address area 
(special page) . By using the special page addressing 
mode of the JSR instruction, subroutines addressed on this 
page can be called with only 2 bytes. Addresses FFF4,, to 


0000,, 


RAM 
(144 bytes) 





O08F 1, 
Zero page 
Not used 
OOE0,., 
OOFF,, 
Not used 
E800.¢ 
. _ 
FFOO,, 
- ROM | ROM 
(6144 bytes) (4096 bytes) 
for for 
M50950- M50951- ppecial 
XXXSP XXXSP el 
for FFF 416 Address L 
subroutine Address H 
Address L 
eT 
Address H 
Address H 
Address H 
FFFF4, Address H ; 








Fig.l Memory map 





FFFF,, are vector addresses used for the reset and inter- 
rupts (see interrupt chapter). Addresses 0000;, to OOFFi, 
are the zero page address area. By using the zero page 
addressing mode, this area can also be accessed with 2 ° 
bytes. The use of these addressing methods will greatly re- 
duce the object size required. The RAM, !/O port, timer, 
etc., are assigned to this area. , | 

Addresses 0000;, to 008F,, are assigned to the built-in 
RAM and consist of 144 bytes of static RAM. In addition to 
data storage, this RAM is used for the stack duririg sub- 
routine calls and interrupts. | 


Decimal 


0 / 
7 Q0EQ:., 


, 00E14. 
/ 00E2,, 
/ 00E3,, 

e, 00E4,, 
/ O0E5,, 

00E6,, 

00E7i¢ 

00E8,, 

00E9,, 

OOEAi, 

OOEBig 

\ OOECi, 
\ QED. 
. OOEE,, 

\ OOEF,, 
\ OOF0,, 
\ 00F 116 
O0F2y5 

\ | OOF 81g 
\ 00F 44. 
\ 00F5,, 

\ OOF6,, 

\ 00F7;, 

\ OOF8,, 

\ 00F9,, 

INT> \ OOFAi6 

S 1/0, or timer 1 (OOFBi¢ 
Timer 2 ‘ OOFCi, 
Timer3 . \  OOFDi, 
INT, : OOFE 1, 
RESET \ OOFF 6 


Port PO 





Port P1 


Port P2 


directional 
Port P2 register 





Port P3 


directional 
Port P3 register 


Port P4 


directional 
ort P4 register 





( 






Serial I/O» register 
Serial |/O2 mode register 
Serial |/O; mode register 


Serial 1/O, register 


a 
fe) 
+ 
U0 
a 





Timer 1 


Timer 2 
Timer 3 
Interrupt control register 


Timer control register 


65535 
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CENTRAL PROCESSING UNIT (CPU) 


The CPU consists of 6 registers and is shown in Figure 2. 


ACCUMULATOR (A) 

The 8-bit accumulator (A) is the main register of the micro- 
computer. Data operations such as data transfer, Input/Out- 
put, etc., are executed mainly through accumulator. 


AE CUMMlator 
Index register x 
Index register Y 
Stack eainies 


Program counter 


_Fig.2 Register structure 





INDEX REGISTER X (X) 


The index register X is an 8-bit register. 


_ In the index addressing mode, the value of the OPERAND 
added to the contents of the register X, specifies the real 


address. When the T flag in the processor status register is — 
set to “1”, the index register X itself becomes the address 
for the second OPERAND. 


INDEX REGISTER Y (Y) 

The index register Y is an 8-bit register. 

In the index addressing mode, the value of the OPERAND 
added to the contents of the register Y specifies the real 
address. 


Processor status register 


7 ; : 0 


Carry flag 

Zero flag 

Interrupt disable flag 
Decimal mode flag 
Break flag 

Index X mode flag 
Overflow ‘iad 


_ Negative flag © 
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STACK POINTER (S) 

The stack pointer (S) is an 8-bit register that contains the 
address of the next location in the stack. It is mainly used 
during interrupts and subroutine calls. The stack pointer is 
not automatically initialized after reset and should be initial- 
ized by the program using the TXS instruction. 

The contents of the stack pointer is XX., the stack address 
is set to OOXX;g. When using this microcomputer in the 
single-chip mode, the stack pointer should be set at the 
bottom address of the internal RAM. 

When an interrupt occurs, the higher 8 bits of the program 
counter are pushed into the stack first, and then the lower 8 
bits of the program counter are pushed into the stack. After 
each byte is pushed into the stack, the stack pointer is de- 
cremented by one. Next, the contents of the processor sta- 
tus register are pushed into the stack. When the return from 
interrupt instruction (RTI) is executed, the program counter 
are processor status register data is pulled off the stack in 
reverse order from above. 

The Accumulator is never pushed into the stack automati- 
cally. A Push Accumulator instruction (PHA) is provided to 
execute this function. Restoring the Accumulator to its pre- 
vious value is accomplished by the Pull Accumulator in- 
struction (PLA). It is executed in reverse order of the PHA 
instruction. 

_ The contents of the Processor Status Register (PS) are 
pushed (pulled) to (from) the stack with the PHP and PLP 
instructions, respectively. Only the program counter is 
pushed into the stack during a subroutine call. Therefore, 
any registers that should not be destroyed should be 
pushed into the stack manually. The RTS instruction is 
used to return from a subroutine. 


PROGRAM COUNTER (PC) 

The 16-bit program counter consists of two 8-bit registers 
PCy and PC,. The program counter is used to indicate the 
address of the next instruction to be executed. 


PROCESSOR STATUS REGISTER (PS) 

The processor status register is composed entirely of flags 
used to indicate the condition of the processor immediately 
_ after an operation. Branch operations can be performed by 
testing the Carry flag (C), Zero flag (Z), Overflow flag (V) 
or the Negative flag (N). Each bit of the register is ex- 
plained below. | 


1. Carry flag (C) 

The carry flag contains the carry or borrow generated by 
the Arithmetic and Logical operation Unit (ALU) im- 
mediately after an operation. It also changed by the shift 
and rotate instructions. The set carry (SEC) and clear carry 
(CLC) instructions allow direct access for eouing: and 
clearing this flag. | 


2. Zero flag (Z) 

This flag is used to indicate if the immediate operation 
generated a zero result or not. If the result is zero, the zero 
flag will be set to “1”. If the result is not zero, the zero flag 
will be set to “0”. | 


3. Interrupt disable flag (1) 

This flag is used to disable all interrupts. This is accom- 
plished by setting the flag to “1”. When an interrupt, this 
flag is automatically set to “1” to prevent other interrupts 
from interfering until the current interrupt is completed. The 
SE! and CLI instructions are used to set and clear this flag, 
respectively. 


4. Decimal mode flag (D) 

The decimal mode flag is used to define whether addition 
and subtraction are executed in binary or decimal. If the 
decimal mode flag is set to “1”, the operations are ex- 
ecuted. in decimal, if the flag is set to “0”, the operations 
are executed in binary. Decimal correction is automatically . 
executed. The SED and CLD instructions are used to set 
and clear this flag, respectively. 


5. Break flag (B) 

When the BRK instruction is executed, the same operations 
are performed as in an interrupt. The address of the inter- 
rupt vector of the BRK instruction is the same as that of the 
lowest priority interrupt. The contents of the B flag can be 
checked to determine which condition caused the interrupt. 


‘If the BRK instruction caused the interrupt, the break vee 


will be “1”, otherwise it will be “O”. 

6. Index X mode flag (T) 

When the T flag is “1”, operations between memories are | 
executed directly without passing through the accumulator. 
Operations between memories involving the accumulator 
are executed when the T flag is “0” (i. e., operation results 
between memories 1 and 2 are stored in the accumulator). 
The address of memory 1 is specified by the contents of 
the index register X, and that of memory 2 is specified by 
the normal addressing mode. The SET and CLT instructions 
are used to set and clear the index X mode flag, respec- 
tively. 
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7. Overflow flag (V) a 

The overflow flag functions when.one byte is added or sub- 
tracted as a signed binary number. When the result ex- 
ceeds +127 or —128, the overflow flag is set to “1”. When 
the BIT instruction is executed, bit 6 of the memory location 
is input to the overflow flag. The overflow flag is reset by 
the CLV instruction and there is no set instruction. 


8. Negative flag (N) | 

The negative flag is set whenever the result of a data trans- 
fer or operation is negative (bit 7 is set to “1”). Whenever 
the BIT instruction is executed, bit 7 of the memory location 
is input to the negative flag. There are no instructions for 
directly setting or resetting the negative flag. 


Table 1 Interrupt vector address and priority 


primer2 [dO a, FFB: 
[int (er) [es 






























Interrupt 
request 


Interrupt disable flag | 


Fig.3 Interrupt control 
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INTERRUPT 

The M50950-XXXSP can be interrupted from seven 
sources; INT;, Timer 3, Timer 2, Timer 1/Serial !/O,, or the 
INT>/BRK instruction. : : 
The-value of bit 2 of the serial 1/O, mode register (address 
OOF6,.) determines whether the interrupt is from timer 1 or 
from serial 1/O,. When bit 2 is “1” the interrupt is from se- 


~ rial 1/O,, and when bit 2 is “0” the interrupt is from timer 1. 


Also, when the bit 2 is “1”, parts of port 3 are used for serial 
1/O,. These interrupts are vectored and their priorities are 
shown in Table 1. Reset is included in this table since it 
has the same functions as the interrupt. | 
When an interrupt is accepted, the contents of certain reg-. 
isters are pushed into specified locations, (as discussed in 
the stack pointer section) the interrupt inhibit flag (1) is set, 
the program jumps to the address specified by the interrupt 
vector, and the interrupt request bit is cleared automatical- 
ly. The reset interrupt is the highest priority interrupt and 
Can never be inhibited. Except for the reset interrupt, all in- 
terrupts are inhibited when the interrupt inhibit flag is set to 
“1”. All of the other interrupts can further be controlled indi- 
vidually via the interrupt control register shown in Figure 3. 
An interrupt is accepted when the interrupt enable bit and 


Interrupt control register (Address OOFE,¢) 


Bit 7 > INT, pin interrupt request bit 

Bit6 : INT, pin interrupt enable bit 

Bit5 : Timer 2 interrupt request bit 

Bit 4: Timer 2 interrupt enable bit 

Bit 3 : Timer 1 interrupt or serial I/O, interrupt request bit 
Bit 2 : Timer 1 interrupt or serial 1/O, interrupt enable bit 
Bit1 : INT. pin interrupt request bit | 

BitO : INT. pin interrupt enable bit 


' Timer control register (Address OOFF;,) 


Bit 7 : Timer 3 interrupt request bit 

Bit 6 : Timer 3 interrupt enable bit 

Bit5 : Timer 2 count stop bit 

Bit 4 : Timer 3 count source selection bit 
Bit 3 : Timer 2 count source selection bit 
Bit 2: Timer 1 count source selection bit 
Bit1 : 


oe | Processor mode bit 
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the interrupt request bit are both “1” and the interrupt in- 

hibit flag is “O”. | | 

The interrupt request bits are set when the following condi- 

tions occur: 

(1) When the levels of pins INT, and INT» change. 

(2) When the contents of timer 3, timer 2, timer 1 (or the 
serial 1/O, counter) go to “0”. 

The level shift on the INT pins causing an interrupt varies 

depending on the contents of bits 5 and 6 of the serial I/O. 

mode register (address 00F5,,). When these bits are set to 

“0” and the INT level changes from “H” to “L”, an interrupt 

is requested. When these bits are set to “1” and the INT 

level changes from “L” to “H”, an interrupt is requested. 

Bits 5 (SsMs) and 6 (S,M.) correspond to INT, and INTo, 

respectively. 

These request bits can be reset by the program but can not 

be set. 

Since the BRK instruction and the INT. interrupt have the 

same vectored address, the contents of the B flag must be 

checked to determine if the BRK instruction caused the in- 

terrupt or if INTs generated the interrupt. 


TIMER 

The M50950-XXXSP has three timers; timer 1, timer 2, and: 
timer 3. Since P3 (in serial |/O,; mode) and timer 1 use 
some of the same architecture, they cannot be used at the 
same time (see serial I/O, section). The count source for 
each timer can be selected by using bit 2, 3 and 4 of the 
timer control register (address OOFF,,¢), as shown in Figure 
4. . 

A block diagram of timer 1 through 3 is shown in Figure 5. 
All of the timers are down count timers and have 8-bit 
latches. When a timer counter reaches “0”, the contents of 
the reload latch are loaded into the timer at the next clock 
pulse. The division ratio of the timers is 1/(n+1), where n 
is the contents of the timer latch. — 

The timer interrupt request bit is set to “1” at the next clock 
pulse after the timer reaches zero. The interrupt and timer 
control registers are located at addresses OQFE;, and 
OOFF,.6, respectively (see interrupt section). The starting/ 
stopping of timer 2 can be controlled by bit 5 of the timer 
control register. If bit 5 (address OOFF,,) is “0”, the timer 
starts counting and when bit 5 is “1”, the timer stops. 

When the STP instruction is executed, or after reset, the 
timer 2 and timer 3 latch are set to FFig and 071., respec- 
tivery. 

After a STP instruction is executed, timer 2, timer 3, and the 
clock (¢ divied by 4) are connected in series (regardless 
of the status of bit 2 through 4 of the timer control register). 
_ This state is canceled if the timer 3 interrupt request bit is 
set to “1”, or if the system is reset. Before the STP instruc- 
tion is executed, bit 5 of the timer control register (timer 2 
count stop bit) and bit 4 of the interrupt contro! register 
(timer 2 interrupt enable bit) must be set to “0”. For more 
details on the STP instruction, refer to the oscillation circuit 
section. 
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Processor mode bits 
00 : Single chip mode 
01: Memory expanding mode 
10 : Microprocessor mode 
11.: Eva-chip mode 


Timer 1 count source selection bit 
0: 1/4 timing ¢ 
1: Timer 3 overflow signal! 


Timer 2 count source selection bit 
0: 1/4 timing ¢ 
1: Clock for the clock function (Xen) 


Timer 3 count source selection bit 
0 - Timer 2 overflow signal 
1 : Clock for the clock function (Xen) 


Timer 2 count stop bit 
Q : Count start 
1: Count stop 


Timer 3 interrupt enable bit 
Q : Interrupt disable 
1 : Interrupt enable 


Timer 3 interrupt request bit 
0 : No interrupt request 
1°: Interrupt request 





Fig.4 Configuration of timer control register 
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i: : os Data bus 


8 .. a 
Timer 2 
X . 
nO 
| 8 4 
) 


Xn C) |) >. sana 


— TL 
Internal clock 
8 i 





Reset 
STP. instruction 


to timer 2 interrupt request bit 













(Normally f(Xin)/4) 


to timer 3 interrupt request bit : 


8 
Timer 1 4 
latch (8) 
8 ‘ 
SiM2 to timer or serial 1/0, 
Timer 1 (8) : 


hit | interrupt request bit 


















P33 latch 
P33/T | 
: O y, _ | SiMa, SiMo 
SiM, i 01 > External clock 
: 0: Timer 1 overflow signal 
; CLK divided by 2 
Pa, O 1 : 


| /\ Sync. 
@ circuit i 


P3, Souris ‘4 


P3, 






Serial 1/0, 
counter (3) 






Serial 1/0, 
register (8) 








8 
SoM, SoMp ——*00,, 01 : External clock 
10 : Timer J overflow signal 
divided by 2 


11: Timing ¢ divided by 4 


Serial !/O2 
counter (3) 


P37 





ae @ ae ees © 
i) 
z 
gL 
| = 


P4, 







A Sync. 
circuit A 


to serial I/O. end bit 





p4, (Sour Paseo] | 
S2M2 = | TM: Timer control register (Address OOFF,.) 
P4, Ce oe on | SiM : Serial 1/0; mode register (Address OOF6 46) 
es hed) SoM : Serial I/O2 mode register (Address 00F5;¢) 
S2M3 : 
P4, * Srpy2 4 8 hae ¢ OD Select gate - Connected to black 


colored side at reset. 


Fig.5 Block diagram of timer 1 , timer 2 and timer 3 
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SERIAL 1/O, 

A block diagram of the serial I/O, is shown in Figure 6. 

In the serial 1/0, mode the receive ready signal (Srpy:), 
synchronous input /output clock (CLK,), and the serial |/O, 
pins (Sour, Sini) are used as P3y, P3., P3s, and P3,, re- 
spectively. 

The serial 1/0, mode register (address 00F6,,) is an 8-bit 
register. Bits 1 and O of this register is used to select a 
synchronous clock source. 

When these bits are (00) or (01), an external clock from 
P3, is selected. When these bits are [10], the overflow sig- 
nal from timer 1, divided by two, becomes the synchronous 


Xen C) 
Xn C) 


Srpyi 


P3, (_ ) 4 
P3, = CLK, | 











Divider (Address OOFA¢) 


Transfer clock 


clock. Therefore, changing the timer period will change the 
transfer speed. When the bits are [11], the timing ¢ divided 
by 4, becomes the clock. 

Bit 2 and 3 decide whether parts of P3 will be used as a 
serial 1/O, or not. When bit 2 is a “1”, P8g becomes an I/O 
pin of the synchronous clock. When an internal synchronous 
clock is selected, the clock is output from P3g.. If an exter- 
nal synchronous clock is selected, the clock is input to P3, 
and P38s will be a serial output and P3, will be a serial in- 
put. To use P3, as a serial input, set the directional register 
bit which corresponds to P3, to “0”. For more information on 
the directional register, refer to the I/O pin section. 


from ¢ divided by 4 
. or timer 3 Timer 1 (8) 


‘ 


le 1) to timer 1 
or 
ee serial I/O, 
interrupt 
a 


Serial 1/0, counter request bit 











- MSB Serial I/O, register LSB ' 








. Py tT ft ft f qt yt] Serial 1/0, mode register (Address O0F6,¢) 





| Fig.6 Block diagram of serial I/O, _ 
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Synchronous clock selection bit 


._} External clock 
01: 
10 : Timer 1 overflow signal divided by 2 
li: Timing ¢ divided by 4 





Serial |/O, port selection bit (P35, P3.) 
0 : Normal I/O port 
1: Serial 1/0, port 


Sapy1 signal output selection bit (P37) 
0 : Normal I/O port . 
1: Sapy: signal output pin 
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To use the serial |/0,, bit 2 needs to be set to “1”, if it is 
“0” P38. will function as a normal I/O. Interrupts will be 


generated from the serial 1/0; counter instead of timer 2. | 


Bit 3 determines if P37 is used as an output pin for the re- 
ceive data ready signal (bit 83=1, Sapy:) or used as normal 
I/O pin (bit 3=0). The serial I/O, function is discussed be- 
low. The function of the serial I/O, differs depending on the 
clock source; external clock or internal clock. . 
Internal clock—The Srpy signal becomes “H” during trans- 
mission or while-dummy data is stored in the serial 1/0, 
register (address. 00F7,,.). After the falling edge of the 
write signal, the Sapy; signal becomes low signaling that 
the M50950-XXXSP. is ready to receive the external serial 
data. The Sry; signal goes “H” at the next falling edge of 
the transfer clock. The serial 1/O, counter is set to 7 when 
data is stored in the serial I/O, register. At each falling 










Synchronous clock 


Transfer clock 


Serial I/O, register write 
signal 


Serial 1/0, output 
Sout 


Serial 1/0, input 


Receivable signal 


Srapy1 





Fig.7 Serial I/O, timing 


Sending side 
Serial 1/0, mode register 
bit 3 bit 0 


ce ES 


Set the directional 
register for P37 pin 
in input mode. 


oe ce CF) ae ae Ge ae 


Synchronous clock 


edge of the transfer clock, serial data is output to P35. Dur- 
ing the rising edge of this clock, data can be input from P3, 
and the data in the serial I/O, register will be shifted 1 bit. 
Data is output starting with the LSB. After the transfer clock 
has counted 8 times, the serial |/O, register will be empty 
and the transfer clock will remain at a high level. At this 
time the interrpt request bit will be set. 

External clock—If an external clock is used, the interrupt 
request will be sent after the transfer clock has counted 8 
times but the transfer clock will not stop. 

Due to this reason, the external clock must be controlled 
from the outside. The external clock should not exceed 
250kHz at a duty cycle of 50%. The timing diagram is 
shown in Figure 7. An example of communication between 
two M50950-XXXSPs is shown in Figure 8. 


D; 


f 


Interrupt request bit set 


Receiving side 
Serial |/O, mode register 
bit 3 ito 


ee 


Set the directional 
register for P3, pin 
in input mode. 


Serial data 


Fig.8 Example of serial 1/O, connection 
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SERIAL 1I/O. 

A block diagram of the serial I/O» is shown in Figure 9. 

In the serial |1/O> mode the receive ready signal (Sppyo), 
synchronous input /output clock (CLK), and the serial !/O2 
pins (Sours, Sine) are used as P43, P45, P4,, and P4p, re- 
spectively. 

The serial |1/O2 mode register (address 00F5,,¢) is an 8-bit 
register. Bits 1 and O of this register is used to select a 
synchronous clock source. 

When these bits are (00) or (01), an external clock from 
P4, is selected. When these bits are (10), the overflow sig- 
nal from timer 1, divided by two, becomes the synchronous 
clock. Therefore, changing the timer period will change the 


kon Of 
CIN A 


Xn © SiM 
17 
P4, & Sapy2 4 









Sync. 
cricuit 


Fig.9 Block diagram of serial I/O. 

















Transfer clock 


‘Data bus 


transfer speed. When the bits are (11), the timing ¢ divided 
by 4, becomes the clock. 

Bit 2 and 3 decide whether parts of P4 will be used as a 
serial |/O2 or not. When bit 2 is a “1”, P4. becomes an \/O 
pin of the synchronous clock. When an internal synchronous 
clock is selected, the clock is output from P45. If an exter- 
nal synchronous clock is selected, the clock is input to P4, 


and P4, will be a serial output and P4, will be a serial in- | 


put. To use P4p as a Serial input, set the directional register 
bit which corresponds to P4, to “0”. For more information on 
the directional register, refer to the I/O pin section. 

To use the serial I/Os, bit 2 needs to be set to “1”, if it is 
“0” P4, will function as a normal I/O. Bit 3 determines if P4, 


from ¢ divided by 4 - 


or timer 3 Timer 1 (8) 


Divider (Address 00FA,,) 
1/2 


Serial 1/O2 counter Ss Q S2M,4 
0 : Serial 1/O2 


Reset _)D> R during 
Serial |/O2 transfer 
register write 1: Serial 1/O2 
signal end 


i MSB Serial I/O, register sia * ¢ 
fs ; (Address 00F4,¢) TT 





Serial 1/O2 mode register (Address 00F5,¢) 


Synchronous clock selection bit 
ise | External clock 
01: 

10 : Timer 1 overflow signal divided by 2 


11° Timing ¢ divided by 4 


Serial I/O» port selection bit (P4,, P42) 
0 : Normal I/O port 
“1° Serial 1/O2 port 


‘Srpy2 signal output selection bit (P43) | 
0: Normal I/O port ; 
1 = Sapyz signal output pin 








_@ MiTsuBisHH ly — 2—A11 
ELECTRIC Le 





MITSUBISHI MICROCOMPUTERS 


M50950-XXXSP 
M50951-XXXSP_ 


SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 





is used as an output pin for the receive data ready signal 
(bit 3=1, Sapy2) or used as normal I/O pin (bit 3=0). The 


serial I/O» function is discussed below. The function of the. _ 


serial |/O2 differs depending on the clock source; external 
clock or internal clock. 

Internal clock—The Sroy2 signal becomes “H” during trans- 
mission or while dummy data is stored in the serial |/O2 
register (address OOF4,,¢) . After the falling edge of the 
write signal, the Srpye2 signal becomes’ low signaling that 
the M50950-XXXSP is ready to receive the external serial 
data. The Srpye signal goes “H” at the next falling edge of 
the transfer clock. The serial |/O2 counter is set to 7 when 
data is stored in the serial I/O. register. At each falling 
edge of the transfer clock, serial data is output to P4,. Dur- 








ing the rising edge of this clock, data can be input from P4, 
and the data in the serial I/O. register will be shifted 1 bit. 
Data is output starting with the LSB. After the transfer clock 
has counted 8 times, the serial I/O. register will be empty 
and the transfer clock will remain at a high level. At this 
time the serial I/O. end bit will be set. . 
External clock— If an external clock is used, the interrupt 
request will be sent after the transfer clock has counted 8 
times but transfer clock will not stop. 

Due to this reason, the external clock must be controlled 


from the outside. The external clock should not exceed 


250kHz at a duty cycle of 50%. The timing diagram is | 
shown in Figure 9. An example of communication between 
two M50950-XXXSPs is shown in Figure 10. 


Transfer clock | | | | | | [ | | | | | | | | 


Serial |/O2 register 
‘| write signal 


Serial |/O». output 
Sout 


: | 
1 XP KO X def K Os K Ds X Ds K Os X 4 Dy 
l : | 


Serial 1/O2 input ) 
Sin 
: ae 3 


Receivable signal | | 
Srpy2 | wa | 


Fig.10 Serial |/Oz timing 
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7 0 
YT | f ff LL ] Serial 1/0, mode register 


(Address 00F6;,) 


Synchronous clock selection bit 


00: 
| External clock 


01: 
: Timer 1 overflow signal divided by 2 
11: Timing ¢ divided by 4 
normal operation : f(Xi)/16 
low-speed operation : f(Xcin)/8 


Serial I/O, port selection bit 
0 : Normal I/O port 
1: Serial 1/0, port 


Sarpy: Signal output selection bit 
0 : Normal! !/O port 
1° Sapyi signal output pin 


P33/T output selection bit 
0 : Normal I/O port 
1: Timer 1 overflow signal divided by 2 


Clock (Xin~—Xour) stop bit 
0 : oscillation 
1: stop 


Internal system clock source selection bit 
Oi: Xin— Xour (normal mode) 
1? Xcin—Xcour (low-speed mode) 
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0 
Serial |/O2 mode register 
(Address 00F5;¢) 
Synchronous clock selection bit 
00: 
01: | External clock 
10: Timer 1 overflow signal divided by 2 
11° Timing ¢ divided by 4 
normal operation : f(Xin)/16 
low-speed operation : f(Xcin)/8 


Serial I/O. port selection bit 
0 : Normal I/O port 
1: Serial 1/O2 port 


Sapyz2 signal output selection bit 
0 = Normal I/O port 
1° Sapye signal output pin 


Serial I/O. end bit 
0 : Serial |/O2 during transfer 
1: Serial 1/O2 end 


INT, input polarity selection bit 
O : Interrupt request by falling edge 
1: Interrupt request by rising edge 


INT2 input polarity selection bit 
0 : Interrupt request by falling edge 
1: Interrupt request by rising edge. 


Fig.12 Structure of serial |/O2 mode register 
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RESET CIRCUIT 


The M50950-XXXSP is reset according to the sequence 
shown in Figure 15. It starts the program from the address 
formed by using the content of address FFFFi. as the high 
order address and the content of the address FFFF,., as the 
low order address, when the RESET pin is held at “L” level 
for more than 2us while the power voltage is in the recom- 


Port PO register (P0) 
Port P1 register (P 1) 


Port P2 register | (P 2) 


Port P2 directional 


register (D2) 


~ Port PS di i 

Sn irectional (D 3) 
Port P4 directional 
register 
Serial 1/0, mode 
register - 


(D4) 


(S,M) 


Serial |/O. mode 


register (SoM) 


Timer 2 (T 2) 


Timer 3 | (T3) 


Interrupt control (1M) 


register 


Timer control register ( T M) 


Processor status register 
(only the interrupt 
disable flag is set) 


Program counter 


Address 


(E O46) 
(E2ag) 0 
(E 446) - 
(ES 4.) 
(E946) * 
(E'Bag) ** 


(F 646) * 


(F 5 16) Sins 


(F C4.) ae 
(F Dig) * 
VEE 4a) Pe 
(F Fas) 


(PS) 


Contents of Address 
16 


i. 
a at aad 


Contents of Address ||» 


1 
Tl 
TT 
ms 


16 


Since the contents of both registers other than those, listed 
above (including timer 1, serial I/O registers) and the RAM 
are undefined at reset, it is necessary to set initial value. 





- Fig.13 Internal state of microcomputer at reset 





‘mended operating condition and the crystal oscillator 
oscillation is stable and then returned to “H” level. The in- | 


ternal initializations following reset are shown in Figure 13. 
An example of the reset circuit is shown in Figure 14. 
When the power on reset is used, the RESET pin must be 
held “L” until the oscillation of Xin-Xout becomes stable. 


M50950-XXXSP 


RESET Voc 


M50950-XXXSP 


RESET V 
RESET ele Supply voltage 


4.— detection circuit 


_ Fig.14 Example of reset circuit 





2-414. 


7 _ MITSUBISHI 


ELECTRIC | 


RESET 


Internal RESET 


SYNC 


Address 


Data 


8~12 clock cycles 





Fig.15 Timing diagram at reset 
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(2X 2] X00. SK. S300 S2XFFFE EFF in!" ) 
, Reset address from the 


Note 1: Frequency relation of f(Xiq) and dis f(Xin) =4°¢. 
Note 2: The mark “?” means that the address is changeable 
depending upon the previous state. 
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Port PO 

Port PO is an 8-bit | port. The output type is high- 
voltage P-channel open drain output, and the break- 
down voltage is Voc — 36V. Pull down resistors are 
built into each pin. The power source for each pin is 
Vp. Port PO is treated as memory on page zero 
(address 00E0,,), as shown in the memory map in Fi- 
gure 1. 


Depending on the contents of the processor mode bit - 


(bits 0 and 1 at address OOFF,,), four modes can be 
selected. These modes are: the single-chip mode, 
memory expanding mode, microprocessor mode, and 
eva-chip mode. Other than in the single-chip mode, the 
pins of this port can be used as the address output 
pins, in addition to their normal input/output function. 
For details, see the section on the processor mode. 
Port P1 


-In the single-chip mode, port P1 has the same function 


as PQ. Modes, the functions of port slightly differ from 
those of PO. For details, see the section on the proces- 
sor mode. 

Port P2 

Port P2 consists of 2-bit input/output ports P29 and P2, 
and 6-bit output ports P2, through P27. The output type 


for P25 and P2, is an N-channel open drain output. The | 


output type for P22 through P27 is a high-voltage P- 


_ channel open drain output. The break down voltage is’ 


Voc — 36V. Pull down resistors are built into each pin. 
The power source for these resistors is Vp. 

Port P2 is treated as memory at address QOE4i.,, as 
shown in Figure 1. | 

Because port P2,) and P2,; have a diréction register D2 
(address 00E5,. on the zero page), each bit can be in- 
dividually programmed for use as an input or output. A 
pin programmed to “1” is used for output and that prog- 
rammed to “O” for input. . 

Data that is written on the programmed output pin is 
stored in the port latch and is transferred to the output 
pin. When data is read from the programmed output 
pin, data is read not from output pin but from output 
latch. Therefore, previously output data can be read 
correctly regardless of the logical level of the pin due 
to output loading. | 

Because the programmed input pin is floating, the 
value of the pin can be read correctly. When data is 
written to the programmed input pin, it is written only to 
the port latch and the pin remains floating. 


_ For details, see the section on the processor mode. 


Port P3 | 

Port PS is an 8-bit fou /output port. The output type is 
an N-channel open drain output. Port P3 is treated as 
memory on the zero page (address 00E8;.). 


Because port P3:has the direction register D3 (address | 


00E9,;, on the zero page), each bit can be individually 
programmed to be used for input or output. The pin 


(7) 


OOFE;.6, INT. : 


programmed to “1” is used for output and that program- 
med to “0” for input. 

Data that is written to a programmed output pin is 
stored in the port latch and is transferred to the output 
pin. When data is read from a programmed output pin, 
data is read not from output pin but from the output 
latch. Therefore, previously output data can be read 
correctly regardless of logical level of the pin due to 
output loading (e.g., when driving an LED). 

Because the programmed input pin is floating, the 
value of the pin can be read correctly. When data is 
written to the programmed input pin, it is written only to 
port latch and the pin remains floating. 

The pins can also serve as Serial |/O, pins. 

For functions other than the single-chip mode, see the 
section on the processor mode. | 

Port P4 . 
Port P4 is a 4-bit input/output port. The output type is 
N-channel open drain output. Port P4 is treated as 
memory on the zero page (address O0EA\j¢). 

Because port P4 has the direction register D4 (address 
OOEA,, on the zero page), each bit can be individually 
programmed to be used for input or output. A pin which 
is set to “1” is used for output and that which is set to 
“QO”, for input. 

As well as port P3, the pins can also serve as serial 
I/Oz pins. This function is not affected by the processor 
mode.. 

Port P5 | 

Bits 2 and 3 are the dedicated input port that also 
serves as the interrupt pin, with hysteresis. Data can 
be fetched while this port is used for interrupt input. 
The interrupt request bit (INT, bit 7 of address 
bit 1 of address OOFE;,) is set to “1” 
when the input level of ports P53 and P5. changes. The 
contents of bits 5 and 6 of the serial |/O2 mode register 
SoM (address 00F5;,) define whether an “L” edge in- 
terrupt or an “H” edge interrupt is to be used as the in- 
terrupt factor. 

For the M50950-XXXSP or M50951 -XXXSP, interrupt in- 
puts are also used as the normal input port. 

When the chip is to be used in an environment where 
extraneous noise may cause an unwanted interrupt, the - 
influence of noise can be eliminated by the program. 


‘Note that the interrupt request enable bit (bit 6 or 0 of 


address OOFE,¢) must be set to “O” (the interrupt dis- 
able status) when the contents of bits | 5 (SoM;) and 6 
(S,M,) are to be modified. 

If not, an undesirable interrupt may occur. 

Bits 4 through 7 on port P5 are 4- bit input pins. 

Figure 16 is a block diagram for ports PO through P5. - 
Clock ¢ output pin | 


. In-normal conditions, the oscillator frequency divided 


by four is output as ¢. When in the slow speed mode, 
the oscillator frequency for timer devided by two is out- 
put as ¢. | 
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Ports PO, P1, P22~P27 


High-voltage P-channel open drain (with pull-down transistors) | 
Data Bus CS eS 


Port latch 





Ports PO, P1, P22~P27 


* High-voltage P-channel transistor 


| Vp 
Ports P2o, P2,, P3, P4 


N-channel open drain output © 









C) Ports P2o, P2;, P3, P4 


- Port latch 


Data Bus | 


Note 1 : Ports P3 and P4 can be 
also used as I/O ports of 
serial I/O. 


Ports P52, P53 


Schmitt input 
Data bus Se = 


Ports P5o, P53 
INT . 


Serial |/O2 mode register 


Ports P54~ P57 


Data bus ee aang 


Ports 
P5,4~ P57 


CMOS output 


Fig.16 Block diagram of ports PO~P5 (in single-chip mode) and output format of ¢. 
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PROCESSOR MODE 

By changing the contents of the processor mode bit (bit 0 
and 1 at address OOFF,,), four different operation modes 
can be selected; single-chip mode, memory expanding 
mode, microprocessor mode and evaluation chip (eva- 
chip) mode. In the memory expanding mode, microp- 
rocessor mode and eva-chip mode, ports PO~ P3 can be 
used as multiplexed |/O for address, data and control sig- 
nals, as well as the normal functions of the I/O ports. 

Figure 18 shows the functions of ports PO~P3. 

‘The memory map for the single-chip mode is illustrated in 
Figure 1 and for other modes, in Figure 17. 

By connecting CNVss to Vss, all four modes can be 
selected through software by changing the processor mode 
bits. Connecting CNVss to Voc ‘automatically forces the 
microcomputer into microprocessor mode. Supplying 10V to 
CNVss places the microcomputer in the eva-chip mode. 
The four different modes are explained as follows: 


Internal 


Microprocessor 


Memory PAREN Eva-chip mode 
mode mode 


The shaded area is external memory area 


Note 1 : F000,¢ for M50951-XXXSP 


Fig.17 External memory area in processor mode 
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(1) Single-chip mode [00] 
The microcomputer will automatically be in the single- 
chip mode when started from reset, if CNVss is con- 
nected to Vss. Ports PO~ P83 will work as original I/O 
ports. | 


(2) Memory expanding mode [01] 


The microcomputer will be placed in the memory ex- 
panding mode when CNVszs is connected to Vss and 
the processor mode bits are set to “01”. This mode is 
used to add external memory when the internal mem- 
ory is not sufficient. 
The lower 8 bits of address data for an PO is output 
when ¢ goes “H” state. When ¢ goes the “L” state, PO 
retains its original I/O functions. | 
Port P1’s higher 8 bits of address data are output when 
¢@ goes “H” state and as it changes back to the “L” 
state it retains its original I/O functions. Port P2 retains 
its original output functions while ¢is at the “H” state, 
and works as a data bus of D7~ Do (including instruc- 
tion code) while at the “L” state. Pins P3, and P3p out- 
put the SYNC and R/W control signals, respectively 
while ¢is in the “H” state. When in the “L” state, P3, 
and P3, retain their original 1/O function. | 
The R/W output is used to read/write from/to the out- 
side. When this pin is in the “H” state, the CPU reads 
data, and when in the “L” state, the CPU writes data. 
The SYNC is a synchronous signal which goes to the 

_ “H” state when it fetches the OP CODE. 

(3) Microprocessor mode (10) 
After connecting CNVss to Veco and initiating a reset, 
the microcomputer will automaticaly default to this 
mode. 
In this mode, port PO and P1 are used as the system 
address bus and the original function of the I/O pins is 
lost. Port P2 becomes the data bus (D7~Dp) and loses 
its normal I/O functions. Port P3, and P3, become the 
SYNC and R/W pins, eevee and the normal I/O 
functions are lost. . 

(4) Eva-chip mode (11) | 
When 10V is supplied to CNVsg pin, the microcomputer 
is forced into the eva-chip mode. The main purpose of 
this mode is to evaluate ROM programs prior to mask- 
ing them into the microcomputer’s internal ROM. 
With the exceptions that the internal ROM is disabled 
and that external memory must be attached in this 
mode, this mode is the same as the memory expansion 
mode. | . 
The relationship between the input level of CNVss and 
the processor mode is shown in Table 2. | 
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Single-chip mode Memory expanding mode Eva-chip mode Microprocessor mode 
Internal , 
a oe | . 
Port PO Ports P07~P0, Ports P07~ P09 Same as left Ports PO7~P0) 
tput 
X Output port peer Address A7z~Ao 


Internal 
Port P1 Ports P17~P1 | . Ports P17~P1, Same as left Ports P17~P1 
| X Output port Zz Add Output 
sas ack ee) | A Address Ais~Ag 


Internal ; 
? | | | 
Ports P37~P35 Ports P37;~P32 


X I/O port x 1/O port x I/O port 


Same as left 


Internal ‘ 
Port P2 Ports P2,~P2, Ports P2;~P2, Same as left Ports P27~P2p) 
Output Data | 2 tet Data 


Ports P37~P32 


Port P3, Port P3; 


SYNC 1/0 port SYNC 


Port P3o Port P39 


R/W I/O port R/W 


Fig.18 Processor mode and functions of ports PO~P3 





Table 2 Relationship between CNVsg pin input level and processor mode 


* Single-chip mode The single-chip mode is set by the reset. 
* Memory expanding mode All modes can be selected by changing the processor mode bit with the program. 


* Eva-chip mode 
* Microprocessor mode 


* Eva-chip mode The microprocessor mode is set by the reset. 
* Microprocessor mode Eva-chip mode can be also selected by changing the processor mode bit with the program. 


* Eva-chip mode . Eva-chip mode only. 
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CLOCK GENERATING CIRCUIT 

The M50950-XXXSP has two internal clock generating cir- 
cuit. Figure 21 shows a block diagram of the clock generat- 
ing circuit. Normally, the frequency applied to the clock in- 
put pin X,,y divided by four is used as the internal clock 
(timing output) ¢. Bit 7 of serial I/O, mode register can be 
used to switch the internal clock ¢ to 1/2 the frequency ap- 
plied to the clock input pin Xoyn. 7 

_ Figure 19 shows a circuit example using a ceramic (or crys- 
tal) oscillator. Use the manufacture’s recommended values 
for constants such as capacitance which will differ depend- 
ing on each oscillator. When using an external clock signal, 
input from the X;q(Xcin) pin and leave the Xout(Xcour) pin 
open. A circuit example is shown in Figure 20. 

The M50950-XXXSP has two low power dissipation modes; 
stop and wait. The microcomputer enters a stop mode 
when the STP instruction is executed. The oscillator (both 
Xin Clock and Xcjn clock) stops with the internal clock ¢ 
held at “H” level. In this case timer 2 and timer 3 are forc- 
ibly connected and ¢/4 is selected as timer 2 input. Also 
timer 2 and timer 3 are loaded with FF, and 07;, respec- 
tively to enable the oscillator to stabilize when restarting 
oscillation. Before executing the STP instruction, the timer 2 
count stop bit must be set to supply (“0”), timer 2 interrupt 
enable bit and timer 3 interrupt enable bit must be set to 
disable (“0”), and timer 3 interrupt request bit must be set 
to no request (“0”). . 

Oscillation is resarted (release the stop mode) when INT,, 
INT>, or serial 1/O, interrupt is received. The interrupt en- 
able bit of the interrupt used to release the stop mode must 
be set to “1”. When restarting oscillation with an interrupt, 
the internal clock ¢ is held “H” until timer 3 overflows and 
is not supplied to the CPU. When oscillation is restarted by 
reset, “L” level must be kept to the RESET pin until the 
oscillattion stabilizes because no wait time is generated. 
The microcomputer enters a wait mode when the WIT in- 


struction is executed. The internal clock ¢ stops at “H” » 


level, but the oscillator does not stop. ¢ is re-supplied (wait 
mode release) when the microcomputer is reset or when it 
receives an interrupt. Instructions can be executed im- 
mediately because the oscillator is not stopped. The inter- 
rupt enable bit of the interrupt used to reset the wait mode 
must be set to “1” before executing the WIT instruction. 

Low power dissipation operation is also achieved when the 
Xin clock is stopped and the internal clock ¢ is generated 
from the Xcin clock (200“4A(max.) at: f(Xciy) = 32KHZ). Xin 
clock oscillation is stopped when the bit 6 of. serial I/O, 
mode register (address OOF6,,) is set and restarted when it 
is cleared. However, the wait time until the oscillation sta- 


bilizes must be generated with a program when restarting. 
An “L” level must be kept to the RESET pin until the — 
oscillation stabilizes when resetting while the Xy clock is” 


stopped. Figure 22 shows the transition of states for the 
system clock. 


M50950-XXXSP 


M50950-XXXSP 


Xin = Xour Mei. -Xcour 


External oscillating External oscillator 
circuit or external pulse 





Fig.20 External clock input circuit 
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TMs 







Timer 3 





Timer 2 














‘ Timer 2 count source 
Internal system 7 selection TM3 
clock source 


selection S,M7 


System clock 
stop bit 


SiMe 






Timing ¢ 
(Internal clock) 


S Q Q S 
STP WIT R R STP Instruction 
Instruction | Instruction | 


| Reset 
Cf Interrupt disable flag |. | 


S,M7 






INT, interrupt enable 


INT, interrupt request 


Timer 3 interrupt enable 


Timer 3 interrupt request — 


Timer 2 interrupt enable 


Timer 2 interrupt request 


Timer 1 interrupt enable 


Timer 1.interrupt request 
(or serial 1/0,) 
INT. interrupt enable 


-INT2 interrupt request © 


Fig.21 Block diagram of clock generating circuit 
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ie oseillation SS — 5MHz oscillation So — 5MHz stop 
ne Cee NauOn 32kHz oscillation 32kHz stop 
Timer operation 2 
Interrupt Interrupt( Note 1 


5MH illation <—____. > 
an . ee | ‘5MHz oscillation SMHz stop 
, : Soci elon 32kHz oscillation 32kHz stop 
¢=16kHz ¢=sto 
Timer operation( Note 3) . : 
Interrupt Interrupt( Note 2) 


5MHz stop 
32kHz oscillation 
¢=stop 

Timer operation( Note 3) 





WIT instruction STP instruction 
























) 
lei INT ] 
Timer interrupt [/O, interrupt! 


4S 1/0, interrupt 





External INT | 


. SiM7=0 


SiM7=1 


STP instruction 







WIT instruction 



























S; M,=0 
It is necessary to programa - 


_latency period sufficient to allow 
the 5MHz oscillation to stabilize. 


SiMe =1 





WIT instruction STP instruction 
a 5MHz stop Poe ae 





SMHz stop 
32kHz stop 
¢@ =stop 










32KHz oscillation 
¢=16kHz 













On 
Interrupt 


<—______ 
Interrupt( Note 2) 






The above example assumes that signals of 5MHz and 32KHz are being applied to pins Xjy and Xoin, respectively. ¢ signifies the internal clock. 


(Note 1) Approximately 6.5ms of latency time are automatically generated upon release 


(Note 2) 


from the STP instruction due to the connections of timer 2 and 3. 
Approximately 500ms of latency time exists after the release of the STP instruction. 


"(Note 3) When the internal clock 1/4 frequency is connected as a timer count source the count source becomes 4KHz. 


Fig.22 Transition of states for the system clock 


\ 
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Operation on the 
clock function only 


i 


Return from 
clock function 


| 


Return from RAM 


Normal operation 


‘i 


RAM backup function 


backup function 
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SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 


<An example of flow for system> 


Power a reset 
Clock X and eNeeh for clock function Xo oscillation 
Internal system ales start (X -1/4— ¢) ' 


Program start from RESET vector 


Normal program Operating at 5MHz 


Internal clock ¢’source switching X(5MHzZ)—Xe (32. 768kHz)(S;Mz7 : 0-1 ) 
Clock X halt(Xc¢ in operation) 
Internal clock ait Wie instruction) 
Timer 3 (clock ronnatenoe 


Internal clock operation start (WIT instruction released) 
Clock processing routine + Operating at 32. 768KHz 


Internal clock halt (WIT instruction) 

Interrupts from INTj, timer 2, timer 1 or serial 1/O,, INT2 (BRK instruction) 
Internal clock operation start (WIT instruction released) 

Program start from interrupt vector 


Clock X oscillation start 


Oscillation rise time routine (software) Operating at 32. 768kHz 


Internal clock ¢ source switching (Xo—~X)(S;M7 : 170) 


Normal program +-Operating at 5MHz 





STP instruction preparation (pushing registers) 


’ 


Timer ener interrupt disable (IM,= 0, TM.g= 0 ), Timer 3 interrupt request bit reset (TM7=0) 


Timer aa stop bit resetting (TMs = 0 ) 


Clock X and clock for clock function Xo halt (STP instruction) 


RAM backup status 


Interrupts from aah INT 
Clock X and clock for clock function Xc¢ oscillation start 


Timer 3 overflow (X/16 or X¢/8->timer 2 — timer 3) 
(Automatically connected by the hardware) 


Internal system eek start (X-+1/4— ¢) 


Program start from interrupt vector 


Normal program 


ii 
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PROGRAMMING NOTES | 

(1) The frequency ratio of the timer is 1/(n+1). . 

(2) Even though the BBC and BBS instructions are ex- 

| ecuted after the interrupt request bits are modified (by 
the program), those instructions are only valid for the 
contents before the modification. Also, at least one in- 
struction cycle must be used (such as a NOP) between 
the modification of the interrupt request bits and the | 
execution of the BBC and BBS instructions. 

(3) Reading the timer must be avoided while the input to 
the timer is changing except using timing ¢or it di- 
vided by timer as count source. 

(4) After the ADC and SBC instructions are executed (in 

_ decimal mode), one instruction cycle (such as a NOP) 
is needed before the SEC, CLC, or CLD instructions 
are executed. , 

(5) A NOP instruction must be used after the execution of 

a PLP instruction. 

Notes on serial |/O — 

Set “O” in the serial I/O, interrupt enable bit (bit 2 of 

address OOFE,,) before setting the serial |/O, mode. 

Insert at least one instruction and set “O” in the serial |/ 

O, interrupt-request bit (bit 3 of address OOFE;) after 

setting the serial 1/0; mode. . 

3) Set “1” in the serial I/O, interrupt enable bit after the 
operation described in @. 


ce 


© oO 


DATA REQUIRED FOR MASK ORDERING | 
Please send the following data for mask orders. 

(1) mask ROM confirmation form 

(2) mark specification form ' a | 

(3) ROM data: (ieee ticaa eras otal agin sel eRe EPROM 8sets 


pe -@ = mitsusisHi 
2—424 | | ELECTRIC 


MITSUBISHI MICROCOMPUTERS 


~M50950-XXXSP 
M50951-XXXSP 


SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 





ABSOLUTE MAXIMUM RATINGS 


oO, Gs7 V 


Voec—38~Vec+0. 3 


=0.3-13 











< 











< 










Input voltage RESET, Xin, Xcin 


Input voltage P5,~P57 
Output voltage P2o, P24, P39~P37, P49~P43 —0.3~13 


Pull-down supply voltage 

| 
Output voltage Xout, Xcour, ¢ —0.3~Vect0. 3 
Output voltage P09~P0;, P1p~P17, P2.~P2z Vec—38~Vec +0. 3 


Input voltage P29, P2;, P89~P37, P4g~P43, CNVss 
P50/INTo, P53/INT, 
| Pa | Power dissipation Ta = 25C 1000 
| Topr | Operating temperature —10~70 
=40~125 







With respect to Vss 
Output transistors cut-off 


<(|</< 





ple 


RECOMMENDED OPERATING CONDITIONS (vcc=5v+10%, Ta=—10~70°, unless otherwise noted) 


| 
Symbol Parameter Unit 


Min. Nom 
f =5MHz 
Supply voltage seine 
f(xjy) =less than 1MHz 
Niles ol Pull-down supply voltage 
Supply voltage 


“H” input voltage P29, P2;, P389~P37, CNVss 
P52/INT2, P53/INT;, P49~P43 


Voc 
Vp 
“H” input voltage RESET, Xin, Xoin 0. 8Vec 
“H” input voltage P54~P57 0.4Vcc 

Vit 

Vit 

Vin 

Vie 

Xen) 












© 
x< 


555 V 


Ww| 
on 
i 
a = 

QO |m 


< 
<j1<ci<ci<] < J[<i<] < |e i<f[< 


Cc 


Voc 


Cc 


< 


Cc 


lou(peak) | “L’” peak output current P29, P2;, P39~P37, P4)~P4, 
“H” average output current P0y~P07, Plo~P17, P22~P2; 


“L” average output current P29, P2;, P389~P37, P49 ~P43 
Clock input oscillating frequency MHz 
Clock oscillating frequency for clock function 32 500 KHz 


Note 1 : “H” input voltage of up to +12V may be applied to permissible for ports P29, P2,, P89~P37, P5o, 

P53, P45~P43 and CNVsgs. 

2 : The average output current lon(avg) and lo.(avg) are the average value of a period of 100ms. 
On output ports, the total of current dissipation should be 890mW max at T=25°C. 

3 : Oscillation frequency is at 50% duty cycle. . . 
When used low-speed mode, clock input generating frequency for clock function should be f 
(Xcin) <f(Xin) /3. 
When used external clock, clock input generating frequency for clock function should be f(Xcin) 
<50kHz. 


0. 16Vec 
0. 12Voc 


“L” input voltage P29, P2;, P89~P37, CNVss 
P50/INTo, P53/INT;, P4p~P43 


Solo, oO 
—i—i PO 
2/2} S jojo 
o lo | o |® |° 
0 10 | O 


N 
5 
> 





an 
Nh] oO 





>| >| > 


2 < 
ol 8 
< | 
ie & 


fl. 
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ELECTRICAL CHARACTERISTICS (Vcc=5v, Vss=0V, Ta=25°, fo) =5MHz2, unless otherwise noted) 


i Weed “H” output voltage ¢ lox= —2. 5mA, Ta=—10~70C 


“H” output voltage P0>~P07, Plo~P17, P22~P2; lox=—12mA, Ta=—10~70C | 


H 
“L” output voltage P2o, P2;, P39>~P37, P4o~P4s | lop=10mA, Ta=—10~70°C 





Test conditions 






Limits 
U 
Typ. Max. 


nit 
V 





in=25mA, Tz 10700 
| Is] “L” input current P2o, P21, P3o~P37, P4o~P 4s Vi=0V 


Vo 
Vo 
Ve 
Ne 
“L” input current P54~P57 Vi=0V > 
Nie 
he 
Te 
Nhe 
I 
lot 


> 


“L” input current RESET, Xin, Xcin =0V 


< 
| 


lie 
“L” input current P52/INT2, P53/INT, Vi=O0V 


> 


“H” input current P29, P21, P89 ~P37, P49~P4, 


> 


Vi=12V 


> 


“H” input current P54~P57 Vi=5V 


“H” input current RESET, Xi, Xcin Vi=5V 


| re 
“H” input current P52/INT», P53/INT; — 
Vi=12V : 


> 








on 
< 
> 


> 2} |9 
Pp} |} oO wll jw GO | WG 


> 


> 


— — Te ee ee es ea 
NO | O71 | OT] O11] DO} OT] OT] OF] OT] C1] —N NO} RM 


Pull-down current POg~P07, P1p~P17, P22~P27 Ve=Voc—36V, Vot=Vec 

| ton _| “L” Pull-down current P0p~P07, Plo~P17, P22~P2y Vp=Voc—36V, Vor=Ve 

Output pins open (output off) 
Vep=Vss, Input and |/O pins all at Vss 
f(xy) =5MHz(at system operation) 


[ditto (atwaitmode) | Tt ma 


oy Bane 
200 LA 


f(xeiy)=32kKH2z(at system operation) 
all other conditions same as above 
ditto (at wait mode) | | 40 fg 
ai a a a 
(atstopmode) | Ta=7oc | E10 | A 


| 
te) 
co) 








in : 
as oO on 
ETS ee SIS Tere eS LSS lS 


o 
o 
=| 
> 














Supply current 
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TIMING REQUIREMENTS 


Single-chip MOde (Vcc=5V+10%, Vss=0V, Ta=25°, fix,,)=5MHz, unless otherwise noted) 


Symbol 


Port P2 input setup time 

Port P3 input setup time 

Port P52/INT2, P53/INT; input setup time 

Port P54~P57 input setup time 

Port P4 input setup time 

Port P2 input hold time 

Port P3 input hold time . 

Port P52/INT, P53/INT; input hold time 

Port P5,~P5; input hold time | 

z 


pe ee ee ee ee 
YAInNn|nHDIHIH1Hn |H 


Limits 


p 
























Parameter Unit 


S 
4 
< 
je) 
x 


3 j}5 
nn 


mM} airlrj;wo/z 
mla}rlrmlrmolwiolwiw|w j= 
oRRonKosnolkol kon rononkosronr) 

















NO 
Oo 














External clock rising edge time 25 ns 
External clock falling edge time 25 ns 


Memory expanding mode and eva-chip mode 
(Voc=5V+10%, Vss=0V, Ta=25°, fix,,)=5MHz, unless otherwise noted) 


Limits 
Parameter Unit 
Port P2 input setup time 27 fee eee let ama eel ty 
Port P2 input hold time ? zat | Ts 


é 





Microprocessor mode (Vec=5V+10%, Vss=0V, Ta=25°C, f(x,y) =5MHz, unless otherwise noted) 


Symbol Parameter 


Port P2 input setup time 
Port P2 input hold time 
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SWITCHING CHARACTERISTICS 


Single-chip MOdEe (Vcc=5V+10%, Vss=OV, Ta=25C, f(x),)=5MHz, unless otherwise noted) 


Limits 





Symbol Parameter Test conditions 











td(¢g—Poa) Port PO data output delay time 





Fig.24 


Fig.23, 24 _ 


_ -Fig.23 | 


ar 


td(g—p1a0) Port P1 data output delay time 
td( g—P2aQ) Port P2 data output delay time 
td(g—p3aqQ) Port P3 data output delay time 





























td(¢—Pa4aq) Port P4 data output delay time 


Memory expanding mode and eva-chip mode | | | 
(Vec=5V110%, Vss=0V, Ta=25C, f(x) =5MHz, unless otherwise noted) 


: 
Test conditions ; Unit 
Min. Typ. Max 
[eee paige 


Symbol Parameter 








50 | ons | 
[2507 [ns | 
[250 [ns | 
td(g—poar) | Port PO data output delay time a ae ee 
. td(g—Ppia) Port P1 address output delay time 
roe Port P1 address output delay time : 250 


td(g—poa) Port PO address output delay time 





Port PO address output delay time 





td(g—Ppoa) Port PO data output delay time 























td(g—p1aQ) Port P1 data output delay time 

tdi ¢—P10F) Port P1 data output delay time 
td(¢—P2a0F) Port P2 data output delay time 

R/W signal output delay time _ 

| 

Port P39 data output delay time 

Port P39 data output delay time 


td(¢—sync) | SYNC signal output delay time 





=) 
n 





GW] NERO 
oO o1 
O;oO;oO 
S 
n 


N 
ol 
oO 





td(¢—syncr) | SYNC signal output delay time 





td(¢—P3,Q) Port P3; data output delay time 








td(¢—p3,ar) | Port P3; data output delay time 


Microprocessor mo0d@ (Vcc=5V+10%, Vss=0V, Ta=25C, fx.) =5MHz, unless otherwise noted) 


Symbol Parameter Test conditions 





td(g—poa) Port PO address output delay time 





td(g—pia) 
td( ¢—p2aQ) 
td( ¢—Pp2aF) 


Port P1 address output delay time 
Port P2 data output delay time 
Port P2 data output delay time 





tdi g—r/w) 
td(g—syYnc) 


R/W signal output delay time 





SYNC signal output delay time 


Fig.23 Ports P29, P2,, P3 and 
- P4 test circuit 


Fig.23, 24 





Fig.24 Ports PO, P1 and P2.~P2, 
test circuit 








2428 


os MITSUBISHI 
, @ ELECTRIC 


MITSUBISHI MICROCOMPUTERS 


M509S0-XXXSP 
M5S0951-XXXSP_ 


SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 





TIMING DIAGRAMS 


In single-chip mode 


td (¢—poa) 


Port PO output 


td (¢—P1Q) 


< 


Port P1 output 









tsu (p20—9) 
Port P2 input 
| th (¢—P2D) 
td (¢—P3a) 
tsu (p3p—¢) 
Port P3 input 
th (¢—P3p) 
tsu (psp—¢) 
Port P5 input 
th (¢—Psp) 
td (¢—Paa) 
tsu (pap—¢) 
Port P4 input 
th (¢—-Pap) 
a a 
or 
2 foxcin) 
tr tf 
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In memory expanding mode and eva-chip. mode 

















d n 
td (¢—Poa) td (¢-Poar) td (¢—-Poar) 
. td (¢—poa) 
td (¢—Pt1arF) td (¢—P1aF) 
td (¢—p1Q) 
: —td (¢—p2a) td (¢-p2ar) 
na eatee DX XX 
tsu (p20-¢4) 
Port P2 input 
| th (¢—p2pD) 
td (¢-R/w) td (6—R/wr) td (¢—Papar) ' 
Port P3p output (R/W) 
td (¢—P3,aF) 


Port P3, output (SYNC) 


td (¢—P3,Q) 
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In memory expanding mode and microprocessor mode . | | 


Port P1 output 











td (¢~p2aF) 
Port P2 output 
Port P2 input 
th (¢—p2p) 
Port P3, output (R/W) > a > 
Port P3, output (SYNC) ML 
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DESCRIPTION : 

The M50957-XXXSP and the M50959-XXXSP are single- 
chip microcomputers designed with CMOS silicon gate 
technology. All are housed in a 64-pin shrink plastic 
‘molded DIP (flat package type also available). These sing- 
le-chip microcomputers are useful for business equipment 
and other consumer applications. . 

In addition to their simple instruction sets, the ROM, RAM, 
and I/O addresses are placed on the same memory map to 
enable easy programming. 

The differences between the M50957-XXXSP and the 
M50959-XXXSP are noted below. The following explana- 
tions apply to the M50957-XXXSP. Specification variations 
for other chips are noted accordingly. 


| typename | ROM Ssize 
| 16384bytes 

The differences between the M50957-XXXSP and the 
M50957-XXXFP are the package outline and the power dis- 
sipation ability (absolute maximum ratings). 






DISTINCTIVE FEATURES 
© Number of basic instructions:::::::rrrt rrr 69 
@ Memory size ROM-::-:--: 10240 bytes (M50957-XXXSP) 
7 | 16384 bytes (M50959-XXXSP) 
RAM cecccccesccceeeeeseeeeees uplaiaees 256 bytes 
@® Instruction execution time 
| ‘++ 1,.9us (minimum instructions, at 4.2MHz frequency) 
-@ Single power supply 4.0~5.5V = (at f(Xjy)=4.2MHz) 
| 3.0~5.5V (below f(Xin)=1.0MHz) 
@ Power dissipation 
normal operation mode, at 4.2MHz frequency -::20mW 
low speed operation mode, 


| at 32kHz frequency for clock function °*::--:-*---- 0.3mW 
@ Subroutine NESTING rrrret reset teeter eee 96 levels (Max. ) 
e Interrupt Ne CdanCiad hhesttawk phe eee Ried se wes anaes types, 5 vectors 
@ 8-bit timers 3 (2 when used as serial |/O) 
® Programmable I/O (Ports P2, P83, P6) r++ oR 22 
@ Input ports (Port P52.~P5,) sbeseescens eer errr eee errr ere eee 6 
@ ‘High-voltage output ports . | 
(Port PO, P1, P4, P5o, P5,) Cidiartietaid aceut bainaredehneavouweeaed 6 
@ Serial |1/O (8-bit) phils sewnet naw Agere Tacs eee a Raat { 
@ PWM function So i i ee i ii re re 1 4-bitX 1 
| 6-bitX 2 


© Two clock generator circuits (One is for main clock, the 
other is for clock function) 


@ Comparator Cece ee cece renee neees Jeeseee TOPTE See eee eee eee ee 1 | 


@ Generating function for clock input of EAROM 


APPLICATION 
Office automation equipment 
VCR, Tuner, Audio-visual equipment - 


PIN CONFIGURATION (TOP VIEW) 












. P64 - 

1/0 port pe | PS2/ PWM +» 
1 | P62/PWM2 + 

P6,/T - 

P27 — 

P2. > 

P2. -~ 






— P43 |High-voltage | 
— Pd, output port P4 





















P 
I/O port P2 
— POs | Hign-voltage 
— PQ, output port PO 







P3,/Sroy nad 
P36/CLK + 
P35/Sour ** 

P34/Sin 
P3,/ANiy + 


dSXXX-6S60SW 
. JO 
dSXXX-ZS60SWN 


1/0 port P3 









— P13 | High-voltage 
output port P1 

























P53/INT, =a 
Input port P5 
P52/INTs > — PSo | -High-voltage 
CNVss —> P5, output port P5 
Reset Input RESET — —Vp Pull-down 
voltage input 
Clock input Xin > 
Clock output Xout *— + P5, 
Input port P5 
Clock input for Xcin > — P5, 


clock function 
Clock output for Xcour 
clock function 











Vss—> — % Timing output 


M50957-XXXFP 
: or . 
M50959-XXXFP 









P34/Sin > 





P37/Srpy > 
P36/CLK + 
P35/Sout “> 





Outline 72P6 


NC : No Connection 





2—432 


MITSUBISHI 


ELECTRIC 


cey—zc 


914.L0414 
IHSISNSLIA 










Clock 
input 


XIN 









Clock Input Clock Output 
Clock for Clock for Clock 


output — function 
Xout Xcin 


Arithemetic 
and Logical 
unit 


Biz! 


function 


generating 
‘circuit 


Xcout $ Output 





_ Address Bus 


Accumulator 
A(8) 








P1(8) 
L GEEICDENENENENED)— - COATED - CNIDAINOE) B® -- 
High-voltage output port PO High-voltage output port P1 1/0 port P2 1/0 port P3 Output port P4 Output and input port 1/0 Port P6 
; (a part of high-voltage port) 
Note 1 : M50959-XXXSP has 16384-byte ROM. | | | | a 


Timing 


M50957-XXXSP BLOCK DIAGRAM > 


Pull-down Voltage 
- Resetinput input  (5v) (OV) (OV) 





RESET Vp Vec Vss CNVss 











Timer count source selection circuit 






























Program Program Instruction 
RAM counter counter ROM register 
PC,,(8) -  PC_(8) 10240byte (8) : 
256bytes (Note 1) I 
Instruction 
decoder 


Control signal 


ale 













Index 
register 
X(8) 





Processor 
Status 
Register PS (8 





ee, 


Comparator | 


a ol 


YALNdWODOUDIN SOWD LIS-8 dIHO-ATONIS 


di/dSXXX-6S60SIN 
d4/dSXXX-ZS60SIN 
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FUNCTIONS OF M50957-XXXSP 


Functions 


Instruction execution time. 1. 9s (minimum instructions, at 4. 2MHz frequency) 


Parameter a 














Clock frequency 4, 2MHz 
ROM _ | 10240bytes (16384bytes for M50959-XXXSP) 
Memory size 
“RA _| 256bytes 


PO, P1, P4 8-bitX3 (high-voltage P-channel open drain; Voc—38V) 


| Output ( 
P2,P3 _ 8-bitX2 (P3 can partially be used as among serial |/O, clock input 
for timer 3 and normal 1/0.) 


Input/output ports P5o, P5, / Output 2-bitX1 (high-voltage P-channel open drain; Voc—38V) ie 


BS] 
= 


U 
on 
“NI 


P54 


‘1/0 
P52, P53 2-bitX1 (can be used as an input for either INT2 or INT.) 
6-bitX1 (can be used as T; output or PWM output.) 


Serial I/O , 8-bitX1 


Interrupt i 
(or timerX2, serial |/OX1) 


Clock generating circuit . Two built-in circuits (externally connected ceramic or quartz crystal oscillator) 







96levels (max.) 










Two external interrupts, three internal timer interrupts 












Voec—38V (PO, P1, P4, P5p, P51) 


—12mA (P4, P5o, P5; : high-voltage P-Channel open drain) 
| 0.5~—0.5mA (P6 : CMOS tri-states) 






Power dissipation 







Input/Output voltage 








Input/Output characteristics 





Output current 
















Possibe 









MITSUBISHI 
prone : ELECTRIC | 


MITSUBISHI MICROCOMPUTERS 


M50957-XXXSP/FP 
| M50959-XXXSP/FP 


SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 





PIN. DESCRIPTION 
Vec 
Vss 
Pull-down voltage This is the input voltage pin for the pull-down transistor of ports PO, P1, P4, P59 and P5;. | 


Reset input. a To enter the reset state, the reset input pin must be kept at a “L” for more than 2us (under normal Voc 


conditions). 
If more time is needed for the crystal oscillator to stabilize, this “L” condition should be maintained for the 
. required time. 
Timing output Output This is the timing output pin. 


Xcin Clock inpiit for clock Input 
. function 
Xcout Clock output for 
, clock function 
— 


_ “a 
P35~ P37 | I/O port P3 


Output port P4 Output Port P4 is an 8-bit output port and has basically the same functions as port P2. 
P5o, P5, Output Bort P5 Bit 0 and 1 of port P5 are 2-bit output port and has basically the same functions as port PO. 


P52/INT2 Input port P5 Bit 2 and 3 of port P5 are 2-bit input. port and are in common with interrupt inputs. 
‘P53/INT, ; 
P5,~P57 /taput |e 4~7 of port P5 are 4-bit input port. 

P69 P67 | I/O port P6 









Functions 











Power supply inputs 4.0~5. 5V at f(Xin) =4. 2MHz and 3. 0~5.5V below f(Xij) =1.0MHz to Voc, and OV to 





Supply voltage 



















This chip has an internal clock generating circuit. To contro! generating frequency, an external ceramic or a 
quartz crystal oscillator is connected between the Xin and Xour pins. If an external clock is used, the clock 
source should be connected the Xjn pin and the Xour pin should be left open. 







This is the I/O pins of the clock generating circuit for the clock function. To control generating frequency, 
an external ceramic or a quartz crystal oscillator is connected between the Xcin and Xcour pins. If an exter- 
nal clock is used, the clock source should be connected to the Xcin pin and the Xcour pin should be left 
open. This clock can be used as a program controlled the system clock. 











Port PO is an 8-bit output port. Output structure is high-voltage P-channel open drain. A pull-down transistor 
is built in between the Vp pin and this port. 
At reset, this port is set to a “L” level. 


Port P1 is an 8-bit output port and has basically the same functions as port PO. . 


Port P2 is an 8-bit 1/O port with directional registers allowing each I/O bit to be individually Prcarenne? as 
input or output. At reset, this port is set to input mode. 
The output structure is N-channel open drain. 













Port P3 is an 8-bit I/O port and has basically the same functions as port P2. When serial I/O is used, P37, 
P35, P35, and P3, work as Srpy, CLK, Sour, and Sin pins, respectively. Be works as an analog input for 
comparator, and P32 works as a clock input for timer 3. 
















Port P6 is a 6-bit |/O port with directional registers allowing each I/O bit to be individually programmed as 
input or outpul. The oulput structure is CMOS tri-state output. P&o, P6,, P62, P63 can be programmed to 
function as timer output pin (T) , PWM output pins (PWM1, PWM2, and PWM3), respectively. | 
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BASIC FUNCTION BLOCKS 


MEMORY 

A memory map for the M50957-XXXSP is shown in Figure 
1. Addresses D800;, to FFFF,;, are assigned to the built-in 
ROM area which consists of 10240 bytes. 

Addresses C000;, to FFFFi, are the ROM address area 
assigned to the M50959-XXXSP. 4 
Addresses FFO0;, to FFFFig are a special address area 
(special page). By using the special page addressing 


mode of the JSR instruction, subroutines addressed on this 


rupts (see interrupt. chapter) . Addresses 0000,;, to OOFF,., 
are the zero page address area. By using the zero page 
addressing mode, this. area can also be accessed with 2 
bytes. The use of these addressing methods will greatly re- 
duce the object size required. The RAM, I/O port, timer, 
etc., are assigned to this area. -_ 
Addresses 0000,, to OOBF,, and 0100;, to 013F,;, are 
assigned to the built-in RAM and consist of 256 bytes of 
static RAM. In addition to data storage, this RAM except 
the area in the page 1 is used for the stack during sub- 
routine calls and-interrupts. 


page can be called with only 2 bytes. Addreeses FFF44. to 
FFFF,, are vector addresses used for the reset and inter- 


Decimal 


00E0,¢1 Port PO 
00E2,.¢] Port Pl 


00E3:¢ 


00E4,,§ Port P2 


OOE6;, 


00E9,¢| Port Pa Careyronal” 


OOEE,,| Port P6 


OOEF,.¢| Port P6 Coglcen 


RAM 
(192 bytes) 


Zero page 
Not used 


O0E0:, 


OOFF 
RAM - 


(64 bytes) 013Fi¢ 


C0001. 


D8001¢ 


00F0O,,} PWMI-H register 


OOF 416. 
OOF5,¢4 PWM output mode register 


-O0F6,,¢] Serial 1/O mode register 
00F7,¢] Serial 1/O register 
O0F81¢ 


\ 
0OFB,¢| Comparator register 

: \ : 
Rigessh | timers 00FD¢| timers 
Address L \  QOFE,,¢| Interrupt control register 
Address H _ INT, \ ” Z 
Address L RESET \ OOFF,,¢{ Timer control register 

\ 


ROM ROM 
(16384 bytes) (10240 bytes) 
for for 


M50959-XXXSP M50957-XXXSP| Special 
page for 


subroutine 
call 


Address L 
Address H INT2 
Address L 
Address H 
Address L 
Address H 


S 1/0 or Timer 1 


Timer 2 





Address H 
65535 





| Fig.1 ‘Memory map 
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CENTRAL PROCESSING UNIT (CPU) 


The CPU consists of 6 registers and is shown in Figure 2. 


- ACCUMULATOR (A) 


The 8-bit accumulator (A) is the main register of the micro- 
computer. Data operations such as data transfer, Input/Out- 
put, etc., are executed mainly through accumulator. 


Accumulator. 


Index register X 


Index register Y 


Stack pointer 


Program counter 


Fig.2 Register structure 





INDEX REGISTER X (xX) 

The index register X is an 8-bit register. 

In the index addressing mode, the value of the OPERAND 
added to the contents of the register X, specifies the real 
address. When the T flag in the processor status register is 
set to “1”, the index register X itself becomes the address 
for the second OPERAND. 


INDEX REGISTER Y (Y) 

The index register Y is an 8-bit register. 

In the index addressing mode, the value of the OPERAND 
added to the contents of the register Y specifies the real 
address. 


Processor status register 


7 0 


Carry flag 

Zero flag 

Interrupt disable flag 
Decimal mode flag 
Break flag 

Index X mode flag 
Overflow flag 


Negative flag 
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‘STACK POINTER (S) 

The stack pointer (S) is an 8-bit register that contains the 
address of the next location in the stack. It is mainly used 
during interrupts and subroutine calls. The stack pointer is 


not automatically initialized after reset and should be initial- 


ized by the program using the TXS instruction. 

'The contents of the stack pointer is XX,., the stack address 
is set to OOXX;g. When using this microcomputer in the 
single-chip ‘mode, the stack, pointer should be set at the 
bottom address of the internal RAM. . 

‘When an interrupt occurs, the higher 8 bits of the program 
counter are pushed into the stack first, and then the lower 8 
bits of the program counter are pushed into the stack. After 
each byte is pushed into the stack, the stack pointer is de- 
cremented by one. Next, the contents of the processor sta- 
tus register are pushed into the stack. When the return from 
interrupt instruction (RTI) is executed, the program counter 
are processor status register data is pulled off the stack in 
reverse order from above. 

The Accumulator is never pushed into the stack automati- 
cally. A Push Accumulator instruction (PHA) is provided to 
execute this function. Restoring the Accumulator to its pre- 
vious value is accomplished by the Pull Accumulator in- 
struction (PLA). It is executed in reverse order of the PHA 
instruction. 

The contents of the Processor Status Register (PS) are 
pushed (pulled) to (from) the stack with the PHP and PLP 
instructions, respectively. Only the program counter is 
pushed into the stack during a subroutine call. Therefore, 
any registers that should not be destroyed should be 
pushed into the stack manually. The RTS instruction is 
used to return from a subroutine. 


PROGRAM COUNTER (PC) 

The 16-bit program counter consists of two 8-bit registers 
PCy and PC,. The program counter is used to indicate the 
address of the next instruction to be executed. 


PROCESSOR STATUS REGISTER (PS) 

The processor status register is composed entirely of flags 
used to indicate the condition of the processor immediately 
after an operation. Branch operations can be performed by 
testing the Carry flag (C), Zero flag (Z), Overflow flag (V) 
or the Negative flag (N). 
plained below. 
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Each bit of the register is ex- 


-1. Carry flag (C) 


The carry. flag contains the carry or - borrow generated by > 


the Arithmetic and Logical operation Unit (ALU) im- 


mediately after an operation. It also changed by the shift | 
and rotate instructions. The set carry (SEC) and clear carry 

(CLC) instructions. allow direct access for Seuing and | 
clearing this flag. 


2. Zero flag (Z) 

This flag is used to indicate if the immediate operation 
generated a zero result or not. If the result is zero, the zero 
flag will be set to “1”. If the result is not zero, the zero flag 


— will be set to “0”. 


3. Interrupt disable flag (1) 

This flag is used to disable all interrupts. This is accom- 
plished by setting the flag to “1”. When an interrupt, this 
flag is automatically set to “1” to prevent other interrupts: 
from interfering until the current interrupt is completed. The 
SE! and CLI instructions are used to set and clear this flag, 
ae 


4. Decimal mode flag (D) 

The decimal mode flag is used to define whether addition 
and subtraction are executed in binary or decimal. If the 
decimal mode flag is set to “1”, the operations are ex- 
ecuted in decimal, if the flag is set to “0”, the operations 
are executed in binary. Decimal arithmetic can be per- 
formed only with the ADC and SBC instructions. Decimal 
correction is automatically executed. The SED and CLD in- 
structions are used to set and clear this flag, respectively. 


5. Break flag (B) : 

When the BRK instruction is executed, the same operations 
are performed as in an interrupt. The address of the inter- 
rupt vector of the BRK instruction is the same as that of the 
lowest priority interrupt. The contents of the B flag can be 


_checked to determine which condition caused the interrupt. 


If the BRK instruction caused the interrupt, the break flag 
will be “1”, otherwise it will be “0”. 


6. Index X mode flag (T) 


_ When the T flag is “1”, operations between memories are 


executed directly without passing through the accumulator. 
Operations between memories involving the accumulator 
are executed when the T flag is “0” (i.e., operation results 


- between memories 1 and 2 are stored in the accumulator). 


The address of memory 1 is specified by the contents of 
the index register X, and that of memory 2 is specified by _ 


- the normal addressing mode. The SET and CLT instructions . 


are used to set and clear the index X mode flag, respec- 
tively. 





MITSUBISHI 
ELECTRIC 


MITSUBISHI MICROCOMPUTERS 


M5S0957-XXXSP/FP 
M50959-XXXSP/FP 


SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 





7. Overflow flag (V) 
The overflow flag functions when one byte is added or sub- 
tracted as a singed binary number. When the result ex- 


ceeds +127 or —128, the overflow flag is set to “1”. When. 


the BIT instruction is executed, bit 6 of the memory location 
is input to the overflow flag. The overflow flag is reset by 
the CLV instruction and there is no set instruction. 


8. Negative flag (N) 

The negative flag is set whenever the result of a data trans- 
fer or operation is negative (bit 7 is set to “1”). Whenever 
the BIT instruction is executed, bit 7 of the memory location 
is input to the negative flag. There are no instructions for 
directrly setting or resetting the negative flag. 


Table 1 Interrupt vector address and priority 


RESET FFFFi¢, FFFEi6 


1 
Timer2 [4 —~*dSOC* Fg, FFFB5 | 





Interrupt request Interrupt disable flag | 


Reset 


Fig.3 Interrupt control 
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INTERRUPT | 

The M50957-XXXSP can be interrupted from seven souces; 
INT,, timer 3, timer 2, timer 1/serial 1/O, or INT2/BRK in- 
struction. 

The value of bit 2 of the serial |/O mode register (address 
OOF6,,) determine whether the interrupt is from timer 1 or 
from serial I/O. When bit 2 is “O” the interrupt is from timer 
1, and when bit 2 is “1” the interrupt is from serial I/O. Also, 
when the bit 2 is “1”, parts of port P3 are used for serial I/ 
O. These interrupts are vectored and their priorities are 
shown in Table 1. Reset is included in this table since it 
has the same functions as the interrupts. 


When an interrupt is accepted, the contents of certain reg- 


isters are pushed into specified locations, (as discussed in 
the stack pointer section) the interrupt disable flag | is set, 
the program jumps to the address specified by the interrupt 
vector, and the interrupt request bit is cleared automatical- 
ly. The reset interrupt is the highest priority interrupt and 
can never be inhibited. Except for the reset interrupt, all in- 
terrupt are inhibited when the interrupt disable flag | is set 
to “1”. All of the other interrupts can further be controlled 
individually via the interrupt control register shown in Figure 
3. An interrupt is accepted when the interrupt enable bit 
and the interrupt request bit are both “1” and the interrupt 
disable flag is “O”. | 


0 


Bit 7: INT, pin interrupt request bit 

Bit 6: INT, pin interrupt enable bit 

Bit 5: Timer 2 interrupt request bit 

Bit 4: Timer 2 interrupt enable bit 

Bit 3: Timer 1 interrupt or serial input/output interrupt 
request bit | 

Bit 2: Timer 1 interrupt or serial input/output interrupt 
enable bit 

Bit 1: INT2 pin interrupt request bit 

Bit 0: INT2 pin interrupt enable bit 


7 0 | 
ee Wein tec(e ye ak a Timer contro! register (Address OOFFig) 


Bit 7: Timer 3 interrupt request bit 

Bit 6: Timer 3 interrupt enable bit 

Bit 5: Timer 2 count stop bit 

Bit 4: Timer 3 count source selection bit 
Bit 3: Timer 2 count source selection bit 
Bit 2: Timer 1 count source selection bit 
Bit 1: 


; Processor mode bits 
Bit 0: 
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The interrupt request bits are set when the following condi- 

tions occur: | | 

(1) When the level of pins INT, and INT change. 

(2) When the contents of timer 3, timer 2, timer 1 (or the 
serial |1/O counter) go to “0” | 

These request bits can be reset by the program but cannot 

be set by the progream. However, the interrupt enable bit 

can be set and reset by the program. 

The change in level at which the INT pins generate a inter- 

rupt varies according to the content of bits 4 and 5 of the 

PWM output mode register (address O0F5,,.). When these 

bits are “O”, the interrupt request is generated when INT 

changes from high-level to low-level. When these bits are 

“1”, the interrupt request is generated when INT changes 

from low-level to high-level. Bits 4 (PM,) and 5 (PMs) cor- 

respond to INT, and INT» respectively. 

Since the BRK instruction and the INT» interrupt have the 

same vectored address, the contents of the B flag must be 

checked to determine if the BRK instruction caused the in- 

terrupt or if INT. generated the interrupt. 


TIMER 

The M50957-XXXSP has three timers; timer 1, timer 2, and 
timer 3. Since P3 (in serial |1/O mode) and timer 1 use 
some of the same architecture, they cannot be used at the 
same time (see serial |/O section). The count source for 
each timer can be selected by using bit 2, 3 and 4 of the 
timer control register (address OOFF,,¢), as shown in Figure 
5. 

A block diagram of timer 1 through 3 is shown in Figure 4. 


All of the timers are down count timers and have 8-bit | 


latchs. When a timer counter reaches “0”, the contents of 
the reload latch are loaded into the timer at the next clock 
pulse. The division ratio of the timers is 1/(n+1), where n 
is the contents of the timer latch. 

' The timer interrupt request bit is set to “1” at the next 
clock pulse after the timer reaches zero. The interrupt and 
timer control registers are located at addresses OOFE;, and 
OOFFi.¢, respectively (see Interrupt section). The starting/ 
stopping of timer 2 can be controlled by bit 5 of the timer 
control register. If bit 5 (address OOFF,,) is “0”, the timer 
starts counting and when bit 5 is “1”, the timer stops. The 
count source of timer 3 can be controlled by bit 4 of the 
timer control register. If bit 4 (address OOFF,,) is “1”, the 
timer counts from the P3./CNTR pin. 

When the STP instruction is executed, or after reset, the 
timer 2 and timer 3 latch are set to FF;, and 0716, respec- 
tivery. 

After a STP instruction is executed, timer 2, timer 3, and the 
clock (¢divided by 4) are connected in series (regardless 
of the status of bit 2 through 4 of the timer control register). 
This state is canceled if the timer 3 interrupt request bit is 
set to “1”, or if the system is reset. Before the STP instruc- 
tion is executed, bit 5 of the timer control register (timer 2 


7 0 . 
eee ES Timer control register (Address OOFF;.) 


Processor mode bits 
00 : Single-chip mode 
01 : Memory expanding mode 
10 . Microprocessor mode 
11 : Eva-chip mode 


Timer 1 count source selection bit 
0: 1/4 timing ¢ 
1 : Timer 3 overflow signal | 


Timer 2 count source selection bit 
0: 1/4 timing ¢ 
1: Clock for the clock function (Xcin) 


Timer 3 count source selection bit 
0 : Timer 2 overflow signal 
1 : Clock input for timer (CNTR) 


Timer 2 count stop bit 
0 : Count start 
1: Count stop 


Timer 3 interrupt enable bit 
' 0: Interrupt disable 
1: Interrupt enable 


Timer 3 interrupt request bit 
0 : No interrupt request 
1: Interrupt request 





Fig.4 Structure of timer control register 


count stop bit) and bit 4 of the interrupt contro! register 


(timer 2 interrupt enable bit) must be set to “O”. For more 


details on the STP instruction, refer to the oscillation circuit 
section. - 3 
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Data bus 






Reset 


XcIin +. Timer 2 latch (8) 
a 1/4 Timer 2(8) iy la 


(Address 00FCi¢ 
Internal clock 


(Normally 1/4 Xiw) 


STP instruction 







to timer 2 interrupt request bit 


Timer 3 latch (8) 


P3,/CNTR 


OD 


to timer 3 interrupt request bit 


to timer 1 or serial 1/O interrupt 
request bit 





Timer 1(8) 
(Address O0FAi.) : 








P65 latch 
P6o/T S ww a 
SM, 1 re) 
00, 01 : External clock 
CLK 10: 1/2 timer1,11:1/4¢ 


P3, a 


7 
a I Serial input/output 
_counter (3) 
SM, SM2 






P35 eS & 
L_ sm, TM; Timer contro! register (Address OOFF,,) 
7 O Siu Serial input/output SM _: Serial 1/O mode register (Address O0F6,,) 
, 
register (8) PM *: PWM output mode register (Address O0F5,¢) | 





SM3 | ~O- Selection gate : Connected to black 
Sap 8 colored sid 
pa) . 4 | | side at reset. 





Fig.5 Block diagram of timer 1, timer 2, timer 3 
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SERIAL 1/O | 

A block diagram of the serial I/O is shown in Figure 6. 

In the serial |/O mode the receive ready signal (Sanyo. syn- 
chronous input /output clock (CLK), and the serial 1/O pins 


(Sout, Sin) are used as P37, P3g, P35, and P3,, respectively. 


The serial I/O mode register (address O0F6,,) is 8-bit reg- 
ister. Bits 1 and O of this register is used to select a syn- 
chronous clock source. 

When these bits are (00) or (01), an external clock from 


P3_ is selected. When these bits are [10], the overflow sig- | 


nal from timer 1, divided by two, becomes the synchronous 
clock. Therefore, changing the timer period will change the 
transfer speed. When the bits are [11], timing ¢ divided by 
4, becomes the clock. 


Timing Divider 


Oe 


P3,(_) Srov 


from 1/4 timing ¢ 
or timer 3 


Divider 


Bit 2 and 3 decide whether parts of P3 will be used as a 
serial 1/O or not. When bit 2 is a “1”, P38. becomes an |/O 
pin of the synchronous clock. When an internal synchronous - 
clock is selected, the clock is output from P3,. If an exter- 
nal synchronous clock is selected, the clock is input to P3¢. 
and P83, will be. a serial output and P38, will be a serial in- 
put. To use P3, as a serial input, set the directional register 
bit which corresponds to P3, to “0”. For more information on 
the directional register, refer to the I/O pin section. . 

To use the serial I/O, bit 2 needs to be set to “1”, if it is “O” 
P3, will function as a normal I/O. Interrupts will be gener- 
ated from the serial I/O counter instead of timer 1. Bit 3 
determines if P37 is used as an output pin for the receive 


data ready signal (bit 3=1, Sapy) or used as normal I/O pin 


Timer 1(8) 
(Address O0FAj.) 
to timer 1 or 
= serial 1/O 
y > interrupt request bit 
-—| ) 


(Address 00F7,¢) lI 


Data bus 


a ae a Serial I/O mode register (Address 00F6;.) 


lower 4 bits 


Sync. clock selection bit 
00 
01 
10 : 1/2 timer 1 frequency 
11: 1/4 timing ¢ 


; External clock 


Serial I/O port selection bit (P35, P3,) 
0 : Parallel port | 


1 : Serial input/output port 


Sarpy signal output selection bit (P37) 
0 : Parallel port 





1 + Sarpy signal output pin 


Fig.6 Block diagram of serial I/O 
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(bit 3=0). The serial |/O function is discussed below. The 


function of the serial I/O differs depending on the clock . 


source; external clock or internal clock. 

Internal clock—The Sapy signal becomes “H” during trans- 
mission or while dummy data is stored in the serial 1/O reg- 
ister (address O0F7,,). After the falling edge of the write 
signal, the Srpy signal becomes low signaling that the 
M50957-XXXSP is ready to receive the external serial data. 
The Sapy signal goes “H” at the next falling edge of the 
transfer clock. The serial !|/O counter is set to 7 when data 
is stored in the serial I|/O register. At each falling edge of 
the transfer clock, serial data is output to P35. During the 
rising edge of this clock, data can be input from P3, and 







Sync. clock 





Serial !/O register 
Write signal 
Serial I/O output 
output Sour 


Serial I/O input 
input Sin 






Receivable signal 





Srpy 


Fig.7 Serial I/O timing 


Sending side 
Serial 1/O mode register 
Bit 3 Bit 0 


peso 


The direction register for pin P37 
should be set to input mode. 


Transmission clock ea eee eA 
8 6 6 oP oe oe 
' 


Sync clock 


the data in the serial I/O register will be shifted 1 bit. 

Data is output starting with the LSB. After the transfer clock 
has counted 8 times, the serial I/O register will be empty 
and the transfer clock will remain at a high level. At this 
time the interrupt request bit will be set. 

External’ clock—If an external clock is used, the interrupt 
request will be sent after the transfer clock has counted 8 
times but transfer clock will not stop. 

Due to this reason, the external clock must be controlled: 
from the outside. The external clock should not exceed 
250kHz at a duty cycle of 50%. The timing diagram is 
shown in Figure 7. An example of communication between 
two M50957-XXXSPs is shown in Figure 8. 







I 


Interrupt request bit set 


Receiving side 


Serial |/O mode register 


Bit 3 Bit 0 


CERES 


The direction register for pin P3, 
‘should be set to input mode. 


Serial data 


Fig.8 Example of serial I/O connection 
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PWM OUTPUT CIRCUIT 


(1) 
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Introduction 

The M50957-XXXSP is equipped with one 14-bit PWM 
and two 6-bit PWMs. The 14-bit resolution gives PWM1 
the minimum resolution bit width of 500ns (for Xin = 
4MHz) and a repeat period of 8192s. PWM2 and 
PWM3 have a 6-bit resolution with minimum resolution 
bit width of 164s and repeat period of 1024s. 

Block diagram of the PWM is shown in Figures 9 and 
10. 7 
The PWM timing generator section applies individual 
control signals to PWM 1~38, using clock input Xj, di- 
vided by 2 as a reference signal. 


' Data setting 


The output pins PWM1, PWM2 and PWM are in com- 
mon with pins P6,, P62 and P63 of port P6 (i.e. for PWM 
output, PM1~PM3 of the PWM control register and the 


P6 directional register D6,~D63 should be set). When 


PWM1 is used for output, first set the higher 8-bit of 
the PWM1-H register (address 00F0,,), then the lower 


6-bit of the PWM1-L register (address O0F1,,). In case. 


of M50959-XXXSP, if the low-order 6 bits are the same, 
this is also possible by changing the H register only. 
When either PWM2 or PWMS is used for output, set the 
6-bit in the PWM2 (address 00F2,,.) or PWM3 (address 
O0F3,.¢) register, respectively. Note that the higher 2 


bits of these 8-bit registers are ignored when used 6- . 


bit register. 

Transferring data from registers to latches 

The data written to the PWM registers is transferred to 
the PWM latches at the repetition of the PWM period. 
The signals output to the PWM pins correspond to the 


contents of these latches. When data at addresses | 


OOF0,¢ ~ OOF3;, is read, data in these latches has 
already been read allowing the data output by the 
PWM to be confirmed. When the 6-bit latch is being 
read, the upper 2 bits of the register becomes unde- 
fined. However, bit 7 of the PWM1-L register indicated 
the completion of the data transfer from the PWM1 reg- 
ister to the PWM1 latch. If bit 7 is “O”, the transfer has 
been completed, if bit 7 is hist the transfer has not yet 
begun. 

Operation of the 6-bit PWMs _ 

The timing diagram of the two 6-bit PWMs (PWM2 and 
PWM3) is shown in Figure 10. One period (T) 
posed of 64 (2°) segments. 


is: com- 











6 lower-order bits of data 


000000 | Nothing 
000001 m=32 


000010 | m=16,48 . 
000100 | m=8,24, 40,56 
001000 | m=4, 12,20, 28, 36, 42, 50,58 


010000 





100000 


t 


There are six different pulse types configured from bits 
O~5 representing the significance of each bit. These 
are output within one period in the circuit internal sec- 
tion. Refer to Figure 11(a). 

Six different pulses can be output from the PWM. 
These can be selected by bits 0 through 5. Depending 
on the content of the 6-bit PWM latch, pulses from 5~0 
is selected. The PWM output is the difference of the 
sum of each of these pulses. Several examples are 
shown in Figure 11(b). Changes in the contents of the 
PWM latch allows the selection of 64 lengths of high- 
level area outputs varying from 0/64 to 63/64. An 
length of entirely high-level output cannot be output, | 
i.e. 64/64, | _& = 

14-bit PWM operation 

The timing diagram of the 14-bit PWM1 is shown in Fi- 
gure 11. The 14-bit PWM divides the data within the 
PWM latch into the lower 6 bits and higher 8 bits. 

A high-level area within a length N times 7 is output ev- 
ery short area of t= 256 Tt =128us as determined by 
data N of the higher 8 bits. (Refer to PWM output @ in 


~ the lower part of Figure 12 and 13.) 
. Thus, the time for the high-level area is equal to the 


time set by the lower 8 bits or that plus t . As a result, 
the short-area period t(=128us, approx. 7.8kHz) be- 
comes an approximately repetitive period. 

Output after reset | 
At reset the output of port P6 is in the high impedance 
state and the contents of the PWM register and latch 
are undefined. Note that after setting the PWM regis- 
ter, its data is transferred to the latch. 


Table 2 Relation between the 6 lower-order bits 


of data and the space set by the ADD bit 









Area longer by T than that of other tr(m = 0 ~63) 
CSB ; 





m= 2, 6,10, 14, 18, 22, 26, 30, 34, 38, 42, 46, 50, 54, 58, 62 
eee 57, 59, 61, 63 











MITSUBISHI 
ELECTRIC 


MITSUBISHI MICROCOMPUTERS 


M50957-XXXSP/FP_ 
M50959-XXXSP/FP_ 


SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 













PWMI-L (Address OOF 1i6) | 
- Selection gate: connected to black 
Register colored side when 
Gs to | ) ee 
when write 





Ai reset. 
e- Pass gate 






PWM1 latch (14-bit) 


re]! | DE TTT 
ee Es 





PG; D6; 


P6,/PWMI1 


‘ae 
=" 


14-bit PWM circuit 








PMI 


P62 D6 
(8192s period) = = 






Timing generator 
for PWM 








(1024s period) 


a ea 


4 y 


P6./PWM2 


b; 


PM2 


6-bit PWM circuit PWM3 





6-bit PWM circuit 








P63/PWM3 


DE 


=a 


PWM3 latch 
(6-bit) 


= ie 





fesE Py foe} LL 


P63; D63 







register (Address 00F3,.) 






PM - PWM output mode register (Address O0OF5,,) 






D6 : Port P6 directional register (Address O0EF,,) 






P6 : Port Pé register (Address OOEE,,) 
data bus , 





Fig.9 Bloock diagram of the PWM circuit (M50957-XXXSP) 
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Register | 
Selection gata: connected to 
PWM1-L (Address 00F14.) . 


black colored 
( set to 1 )~ 


: side when reset. 
when write ; . 
Pass gate 

















PWMI1-H 
(address OOFOi,¢) 










PWM1 latch (14-bit) 


ws} PT ET ET EE bse 








P6,/PWM1 








14-bit PWM circuit 


(8192us period) 


(1024s period) 
| ae : : 
P6./PWM2 
ee ee | 






Timing generator 
for PWM 







ane a: 
C) 





PWM3 


PMs Fe, P63/PWM3 


6-bit PWM circuit 6-bit PWM circuit 







6 
PWM2 latch 





PWMs3 latch iis 


ait 


P63; D6; 





PWM3 (address 00F3}¢) 
register 





PM : PWM output mode register (Address 00F5;¢) __ 
D6 : Port P6 directional register (Address OOEF,,) 
P6 : Port P6 register (Addresss OOEE;¢) 


data bus. 


_ Fig.10 Block diagram of the PWM circuit (M50959- XXXSP) 
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(a) Pulses showing the weight of each bit 


Contents 
of the latch 


When 0016 
When 01 16 


When 1846 
(24) 


When 28:1, 
(40) 


When 3Big 
(59) 


When 3Fi¢ 
(63) 


When output is lower 6 bits of PWM1 t= 128us T= 8192us 
When output is PWM2 and PWM3 t= l6éus T=1024us 
When f(x...) =4MHz 


(b) Example of 6-bit PWM output 





Fig.11. 6-bit PWM timing diagram 
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Data in address 00FOQ;, is #6Ai¢ Data in address OOFOi¢ is #7Bi. 


ca sil oasininscacesinearsepeniguel 
register 3916 BAt6 7Bi6 
Data in address O0F 116 is #244, | Data is address 00F14¢ is #3516 
PWM1-L 
register Ve | Ae eI 85 
—— to latch tranfer Bois Register to latch tranfer 
PWM1 latch 
Aaa 165346 1AA4i6 1AM \ 1EF5 16 


A__ When bit 6 of PWMI-L is “0” register 


= 8192us to latch transfer will not occur. 


eae 
t= 128us — _—— 


‘ ae : 
: ener es 
(Example 1) 6A j6B 6A 6B 6A 6B 6B 6B 6A 6B 6B 6A 6B 6B 6B 6A 6B 6A. .6B 6A 6B 6B 6B 6A {6B 6A 
PWM1 output 
® 
lower 6 bits. 
output | 5 513 1 5 
(When H: 6Ai6, . 
L: 2446) 6Bis 
(107) . 


(Example 2) 


6A I6A 6A 6A 6B 6A 6B 6A 6B 6A 6A 6A 6B 6A 6B 6A 6B 6A 6A 6A 6B 6A 6B 6A 6B {6A 6A 
PWM1 output 


lower 6 bits 
output 


(When H: BA4s, 
: 1846) 


t= 1282s eee 
(2560. 5us) 


~ 


Minimum bit resolution width| r =0, 5s 


if 
PWM1 output eB] 6A! 69! 68! 671 — 02! 01 6A 169! 68167! — !02!01 
@ ADD , ADD | 
8-bit counter 102! 01! OO|FFIFE!FDIFC! —— !97!96195! —~ 102!01!00|FFIFE!FDIFC! — 1971961951 — 
High/low-level of the ADD | High-level area output, the length 


section is determined by of which is specified PWM-H 
the data contained in 


t it. 
ve lower G:DIt 256 t (128us) standard 





Fig.12 14-bit PWM timing diagram (M50957-XXXSP) 
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Data in address OOF0,, is + 6Ai6 | Data in address OOF01¢ is # 7Bis 


Data in address OOFO;¢ is # 244, Bit 7 reset after transfer Data is address 00F1;, is # 3516 
aaa to latch tranfer 
ear 


= When bit 6 of PWM1-L is “0” register 


T = 8192us to latch transfer will not occur. 
(64X 1281s) 


t= 128us i 





(Example 1) 6A {6B 6A 6B 6A 6B 6B 6B 6A 6B 6B 6A 6B 6B 6B 6A 6B 6A 6B 6A 6B 6B 6B 6A {6B 6A 


PWM1 output 
L 
lower 6 bits 

output Sis 5 
(When H: 6Aig, 

L: 24,16) 36 times 


(Example 2) 
PWM1 output 


6A |6A 6A 6A 6B 6A 6B 6A 6B 6A 6A 6A 6B 6A 6B 6A 6B 6A 6A 6A 6B 6A 6B 6A 6B 


lower 6 bits 
output 


(When H: 6Ai., 


L: 18,6) ——> 10664724 


pe ee t= 128us a ee 
(256 X0. 5s) 


~ 


Minimum bit resolution width| r =0,5ys 


PWMI output ispone —~ 102! 6A! 69!68!67! — !02!01 


8-bit counter 102! 01! OO|FFIFE!FDIFC! —- 197196195! —— 102!101!'00|FFIFEIFDIFC! — 1971961951 — 


High/low-level of the ADD | High-level area output, the length 
section is determined by of which is specified PWM-H 
the data contained in 


the lower 6 bit. 
256 7 (128us) standard 





Fig.13 14-bit PWM timing diagram (M50959-XXXSP) 
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6 (a 
Peete oth weet as. PWM output mode register 
(Address 00F5,.) 
PWM1, PWM2, PWM3 count source. 
selection bit 

0 : Supply 

1 > Stop 


P6,/PWM, output selection bit 
O : Parallel port 
1: PWM, output 





eee 2 P62/PWMz output selection bit 
0 : Parallel port 
1° PWMsz output 


P63/PWMsz output selection bit 
O - Parallel port 
1: PWMs3 output 


INT, input reverse bit | 
0: INT (leading-edge interrupt request) 
1: INT (trailing-edge interrupt request) 


INT» input reverse bit 
0 : INT (leading-edge interrupt request) 
1: INT (trailing-edge interrupt request) 


P6,/T, output selection decision bit 
(reading only) 

0 : Parallel port 

1 : Output is 1/2 that of timer 1 





Fig.14 Structure of PWM output mode register 
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7 0 
| | | ft |] [|] Serial 1/0 mode register 


(Address 00F6,,) 


Sync clock selection bit 
00/01 : External clock 
10: 1/2 timer 1 
11: 1/4 internal clock ¢ 


1/16 of the Xj, oscillation frequency 
during norma! operation. 


1/8 of the Xcin oscillation frequency 
during low speed operation 


Serial |/O port selection bit 
(P35, P3.) 
O : Parallel port 
1 : Serial I/O port 
Sapy signal output selection bit (P37) 
0 : Parallel port 
1: Sarpy signal output pin 


P6,/T output selection bit 
0 : Parallel port 
1 : Output is 1/2 timer 1 


P69/T output function selection bit 
0 = Sync. mode 
(EAROM clock input signal generation 
1 : Asynchronous mode 


Clock (Xiw—Xour) stop bit 
0 : Oscillate 
1° Stop 


Internal system clock generation selection 
O : Xin—Xour Selection (normal mode) 


1° Xcin—Xcour selection 
(low-speed mode) 


Fig.15 Structure of serial I/O mode register 
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PORT P6,/TIMER 1 OUTPUT 

Bit O of port P6 outputs 1/2 the frequency of timer 1 when 
OOF6,, bit 4 of the serial I/O mode register (address 
OOF6,,) is changed. The output switching can be accom- 
plished with either of two procedures, synchronous mode or 
asynchronous mode, depending on the setting of bit 5 
(SMs) of the serial |1/O mode register. 

When SMszg is set to “0” the synchronous mode is set. !n 
such a case, after SM, has been changed, synchronization 
is set to the 1/2 frequency of timer 1 and switching be- 
tween the port latch and timer takes place. It is possible to 
ascertain whether switching actually occurred by reading 
the value of bit 6 (PMg) of the PWM output mode register. 


Latch output | 


From the time that the contents of SM, was changed to the 
point where switching completes, the contents of neither 
SM, nor P6) may be changed. Use of the synchronous © 
mode prevents the. generation of a pulse shorter than the 
timer output during swiching. Figure 16 (a) gives an exam- 
ple of timing in the synchronous mode. Use of the synchro- — 
nous mode allows generation of an EAROM clock input sig- 
nal through the use of a simple program. 

When SMsz is set to “1”, the asynchronous mode is set. In 
this case, the output switching occurs directly after SM, has 
been changed. Figure 16 (b) gives an example of timing in 
the asynchronous mode. 


Timer output 
_- = een a ee eS ee = ee 
| . | 
P6, latch | | 
' | x , “i 
P6/T output | | 


_(a) Synchronous mode (SM;=0) 


SM, | E 


1/2 of TI 
PMg 


Latch output | 


imer output 


les Oo 


P65 latch | | ; 


P6,/T output 


(b) Asynchronous mode (SM5=1) 


Note 1: 


Output switching occurs at the trailing edge of timer 1 divided signal when 


the value of the P6, latch is “0” and at the leading edge of timer 1 divided 


signal when the value of the P6q latch is “1”. 


Fig.16 P6,./T switching timing diagram 
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COMPARATOR CIRCUIT 

The comparator circuit is shown in Figure 17. The compara- 
tor circuit consists of the switch tree, ladder resistor, com- 
parator, comparator control circuit, comparator register 
(address O0FB,,¢), and analog signal input pin (P33/ANww). 
The analog input pin is common with the digital input/out- 
put terminal to the data bus. , 

The 5-bit comparator register can generate 1/16V¢c-step 
internal analog voltage, based on the settings of bits 0 to 3. 
Table 3 gives the relation between the descriptions of com- 
parator register bits 0 to 3 and the generated internal ano- 
log voltage. The comparator result of the analog input vol- 
tage and the internal analog voltage is stored in the compa- 
rator register, bit 4. 


The data is compared by setting the directional register . 


corresponding to board P3, to “0” (board P38, enters the in- 
put mode), to allow board P33/AN,, to be used as the ana- 
log input pin. The digital value corresponding to the internal 
analog voltage to be compared is then written in the com- 
- parision register (address OOFBi¢), bits 0 to 3. The voltage 
comparision starts as soon as the writing is completed. 4- 
cycle (required for comparating) later, the result of com- 
parision is stored in the comparator register, bit 4. Bit 4 is 
“1” when analog input voltage > internal analog voltage 
and “0” when analog input voltage < internal analog vol- 
tage. : 

When voltage is compared to by setting bits 0 to 3 of the 
comparator register “O”, bit 4 of the comparator register be- 
comes “1” regardless of the analog input voltage. 






--H+- 


Table 3 Relationship between the contents of _ 
comparator register and internal voltage 


Comparator register . 
Internal analog voltage 


To [1 | 1ivee—1758Ve0 | 
Cafe 2tveo~ 1/8200 
Da a6ve5— 1/8200 
Ee or 












: 4/1 6Voc—1/32Vec 


5/1 6Vcc—1 132Vcc 


Eo 
Eooc] 
eo) 

1 pO | 8/16Vco—1/32Veo 

1 
pO | 8/16Vcc—1/32Vec 
| 0 | 10/16Vec—1/32Ve0 
az 
eee 










] 
1 








— 
—y 








Data bus. | 


(Address 00E8,,) . 


Comparator control 
Circuit 


P33 O- — 
: Analog input 


voltage 


‘ . 


Comparator 


Internal analog voltage 


Fig.17 Comparator Circuit . 


Output of 
comparator 4 
result 


Comparator register 
(Address O0FBy¢) 


jens] ona] an2 | or] oxo 


4 


Switch tree — 
Ladder resistor 
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RESET CIRCUIT 

The M50957-XXXSP is reset according to the sequence 
shown in Figure 18. It starts the program from the address 
formed by using the content of address FFFFi. as the high 
order address and the content of the address FFFE;. as the 
low order address, when the RESET pin is held at “L” level 
for no less than 2 us while the power voltage is between 4 


Internal RESET 


SYNC 


Address 


8~12 clock cycles 


Fig.18 Timing diagram at reset 


Address 


Port 0 register PO) (E 0i46)° 


Port 1 register P1)(E2,._)°" 


Port P2 directiona 
register es 


D2)(E5i6) 
Port P3 directional, D3): UE 46) 
register 

Port 4 register P4) (EA) 


PO) E Cres 


Port 5 register 





Port P6 directional 
register 

PWM output mode (PM) (F516) °° 
register 


D6)(E Fi.) 


lojolojojoloio 


Serial 1/O mode 
register . 
Comparator register (CR) (FBis) -- 


Timer 2 (T 2) (F Cie) - 


(SM) (F 646) °° 


un 
on 
a 


Timer 3 (T 3) (F Dig)” 


Interrupt control 
register 
Timer control register (TM) (F Fy.) ° 


(1M) (F Eye) ~ 





| 
im 
Peal teaiy Mee 
BIBIBIE 
Bald aan tad i 


Processor status register (PS )- 
(only the interrupt disable 
flag is set.) 


(18) Program counter (P-Cy)- sddtens FEFF ig 


Contents o 
( PC L) ae address FFFE46 


Since the contens of both registers other than those listed above 


(including timer 1 and the serial I/O registers) and the RAM are un- 
defined at reset, it is necessary to set initial values. 





Fig.19 Internal state of the microcomputer at reset 


KEL 90S X00. X00. 5-2 FF FEXE FEE) ROW AD) 
Data C22 NPC PK PSK ADL ADs ) 








and 5.5V and the crystal oscillator oscillation is stable and 
then returned to “H” level. The internal initializations follow- 
ing reset are shown in Figure 19. . 
An example of the reset circuit is shown in Figure 20. The 


‘reset input voltage must be kept below 0.6V until the supp- 


ly voltage surpasses 4.0V. 


Reset address retrieved 
from the vector table 


The relationship of frequency between f(x,,) and ¢ is normally 
fixe ¢ 

:. A question mark (?) means that the address is changable de- 
pending on the previous state. 


M50957-XXXSP 


RESET Voc 


M50957-XXXSP 


RESET 


Supply voltage 
detection circuit 


Fig.20 Example of reset circuit 
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VO PORTS 


(1) 


Port PO 


- Port PO is an 8-bit output port with high-breakdown vol- 
‘tage P-channel open drain outputs featuring a break- — 


down voltage of Vcoc-36V. Each pin contains a pull- 
down resistor making Vp a negative power source. As 
shown in the memory map in Figure 1, port PO is used 
on the zero page at address 00E0;, in memory. 


Depending on the content of the processor mode bit 


(bits 0 and 1 of address OOFF,.¢), four modes can be 


selected, single-chip mode, memory expanding mode, 


microprocessor mode, memory expanding mode, mic- 
roprocessor mode, and eva-chip mode. Modes other 
than the single-chip mode also have functions as 
address output pins besides their original functions. For 
details, refer to the section on the processor mode. | 
Port P1 

Port P1 has the same functions as port PQ in the siigle: 
chip mode. In modes other than the single-chip mode, 
functions vary slightly. For details, see the section on 
the processor mode. 

Port P2 | 

Port P2 is an 8-bit I/O port with N-channel open drain 
outputs As shown in Figure 1, port P2 is used at 
address 00E4,, in the memory. : 

Port P2 has a data direction register (address 00E5j¢ 
on zero page) and programming can be undertaken for 
an individual bit to use the port for input or output. The 
pins where the data direction register is programmed 
to “1” are for output and those where the register is 
programmed to “O” are for input. 

The data written into the pin programmed as an output 


pin are written into the port latch and supplied directly: 
to the output pin. When reading the data from a pin 
. programmed as an output pin, it is not the output pin 
- contents which are read but the port latch contents. 


Consequently, since an LED or other similar part is 


driven directly, the value output previously can be read 


correctly even if the low-level output voltage goes high. 
The pin programmed as an input pin remains floating, 
so external signals can be read. When data is written, 


it is written into the port en only and the pin remains 


floating. 
This port has the same functions as port PO except for 
the single- chip mode. For details, see the section on 


the processor mode. 


Port P3 


Apart from the fact that part of the pins are also used | 


as serial input/output pins, analog input pin and timer 3 
clock input pin, its functions are the same as those of 
port P2 in the single-chip mode. This port has the same 
functions as port PO except in the single-chip mode. 
For details, see the section on the processor mode. 


(5) 


Port P4 . 

Port P4 has the same functions as port PO in the single- 
chip mode. The functions of this port do not change re- 
gardless of though the processor mode. 

Port P5 

Bits 0 and 1 of port P5 have the same functions as port 
P4. 

Bits 2 and 3 are exclusively used as inputs for mutual 
use as interrupt inputs. These pins feature hysteresis 
characteristics. These pins can also be used for fetch- 
ing inputs even when being used as interrupt inputs. 
The interrupt request bits (bit 7 and 1 of address 
OOFE,,= INT, and INT2, respectively) are set to “1” 
when the inputs of ports P53 (INT,) and P52 (INT2) 
change. Depending on the contents of bits 4 and 5 of 


_ the PWM output mode register PM (address O0F5;¢), 


either a raising-edge interrupt or a falling-edge inter- 
rupt may be selected as the interrupt source. (Refer to 


Figure 14.) 


Since interrupt input and normal input ports are used 
together in the M50957-XXXSP, unwanted noise may 
mistakenly cause interrupts. This problem can Be: over- 
come by programming. 

When changing either bit 4 (PM,) or bit 5 (PMs) of the 
PWM output mode register, it is necessary for the in- 
terrupt request enable bit (either bit 6 or 0 of address 
OOFE,¢) to be set to the interrupt disable condition 
(“0”). If this is not done, an interrupt will be generated 
when either PM, or PMs is changed. 

Bits 4 through 7 of port P5is a 4-bit input port. 

Port P6 

Port P6 is a 6-bit 1/0 port having the same functions as 
Port P2. The output is CMOS three-state. Bit O is used © 
in common with the timer output. Bits 1~3 are used in 
common with PWMs 1~3. | 

The functions of this port do not change, being the 
same as in the single-chip mode, even though the pro- 
cessor mode may change. 

A block diagram of ports PO through P6 are shown in 
Figure 21. 

Clock ¢ output pin - 

The clock frequency, divided by four, is output (Xn). 
However, in the low-speed mode 1/2 the clock fre- 
quency for timer (Xcin) is output. 








2—A54 


MITSUBISHI 


ELECTRIC 


MITSUBISHI MICROCOMPUTERS 


M50957-XXXSP/FP 
MS0959-XXXSP/FP 


SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 





* High voltage P-channel open drain 


Data bus (with pull-down resistors) 





Ports PO, P1, P4, P59, P5, 


Vp 


N-channel open drain output 








Direction register 
= Port latch 4 Ports P2, P3 










Note : P3 may also be used as a serial 
input/output pin. 


CMOS Tri-state output 







ia Direction register - 
Port latch 7 0 


Data bus 










Port 6 


Note : Bits0~3 may also be used as timer 
outputs and PWM output pins. 


Schmitt input 


Data bus 


INT Ports P52, P53 


PWM mode register] 


Input 


CMOS output 
Data bus eg ee 9 
Ports P5,~P5; | . | | : 





¢ 
* High voltage P-channel transistor 
Fig.21 Block diagram of port PO~P6 (single-chip mode) and output format of ¢ 
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PROCESSOR MODE 


By changing the contents of the processor mode bit (bit 0 


and 1 at address OOFF,,), four different operation modes 


can be selected; single-chip mode, memory expanding 
mode, microprocessor mode and evaluation chip (eva- 
chip) mode. In the memory expanding mode, microp- 
rocessor mode and eva-chip mode, ports PO~P3 can be 
used as multiplexed |/O for address, data and control sig- 
nals, as well as the normal functions of the I/O ports. 

Figure 23 shows the functions of ports PO~P3S. 

The memory map for the single-chip mode is illustrated in 
Figure 1 and for other modes, in Figure 22. 

By connecting CNVss to Vss, all four modes can be 
selected through software by changing the processor mode 
bits. Connecting CNVss to Vcc automatically forces the 
microcomputer into microprocessor mode. Supplying 10V to 
CNVssg places the microcomputer in the eva-chip mode. 
The four different modes are explained as follows: 


Interan! ROM 


WN SS 


WK 
-_ a 


RS 
Internal RAM 


Port PO~P2 


Memory expanding Eva-chip mode Microprocessor 
mode mode 


C0001¢ for M50959-XXXSP 


Note 1: 


The shaded area is external memory area 





Fig.22 Example memory area in processor mode 
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(1) Single-chip mode [00] 
The microcomputer will automatically be in the single- 
chip mode when started from reset, .if CNVss is con- 
nected to Vss. Ports PO~ P83 will work as original I/O 
ports. 


(2) Memory expanding mode (01) 


The microcomputer will be placed in the memory ex- 
panding mode when CNVsgg is connected to Vsg and 
the processor mode bits are set to “01”. This mode is 
used to add external memory when the internal mem- 
ory is not sufficient. 

The lower 8 bits of address data for port PO is output 
when ¢goes to “H” state. When ¢goes to the “L” 
state, PO retains its original output functions. 

Port P1’s higher 8 bits of address data are output when 
@ goes to “H” state and as it changes back to the “L” 
state it retains its original output functions. Port P2 re- 
tains its original output functions while ¢is at the “H” 
state, and works as a data bus of D7~Do (including in- 
struction code) while at the “L” state. Pins P3, and P3, 
output the SYNC and R/W control signals, respectively | 
while ¢is in the “H” state. When in the “L” state, P3, 
and P3p, retain their original I/O function. 

The R/W output is used to read/write from/to the out- 
side. When this pin is in the “H” state, the CPU reads 
data, and when in the “L” state, the CPU writes data. 
The SYNC is a synchronous signal which goes to the 
“H” state when it fetches the OP CODE. 


(3) Microprocessor mode [10) 


After connecting CNVss to Vcc and initiating a reset, 
the microcomputer will automatically default to this 
mode. 
In this mode, port PO and P71 are used as the system 
address bus and the original function of the I/O pins is 
lost. Port P2 becomes the data bus (D;~Do) and loses 
its normal output functions. Port P3, and P39 become 
the SYNC and R/W pins, respectively and the normal l/ 
_ QO functions are lost. 
(4) Eva-chip mode (11) | | 
When 10V is supplied to CNVsg pin, the microcomputer 
is forced into'the eva-chip mode. The main purpose of 
this mode is to evaluate ROM programs prior to mask- 
ing them into the microcomputer’s internal ROM. 
In this mode, the internal ROM is inhibited so the ex- 
ternal memory is required. | 
This mode has almost the same function as the mem- 
ory expanding mode except that it needs to attach all 
program memories to the outside. | 
The relationship between the input level of CNVss and 
the processor mode is shown in Table 2. | 
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Single-chip mode Memory expanding mode Eva-chip mode Microprocessor mode 
Port PO Ports PO7;~P0o Ports PO7~P0o Same as left Ports P07~P0 | 
| Address ; . , Address 
Port Pl | Ports Pl7~P1o Ports P17~P1y | Same as left |- Ports P17~P1, 
Address 
Port P2 Ports P27;~P2) Ports P2;~P2, Same as left 
or 
. f Output Data 
Xeon | XSBEX ER) 


‘Address 
Ais~As 
Port P3 


Fig.23 Processor mode and functions of ports PO~P3 

































Ports P27~P2 9 


ee Data = 
Dy~ Do 














Ports P37~ P39 


x I/O port 


Ports P3;~P3, Ports P37~P3, . 


x 1/O port 


/O port 





| 












Port P3, Same as left Port P3, . 
SYNC 1/0 port ) SYNC 
Port P35 Port P35, - 


‘Table 4 Relationship between CNVsg pin input level and processor mode 


Explanation . 
° Single-chip mode The single-chip mode is set by the reset. 


* Memory expanding mode __-| All modes can be selected by changing the processor mode bit with the program. 
* Eva-chip mode 
_ ¢ Microprocessor mode 


* Eva-chip mode The microprocessor mode is set by the reset. 
* Microprocessor mode Eva-chip mode can be also selected by changing the processor mode bit with the program. 
* Eva-chip mode Eva-chip mode only 
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CLOCK GENERATING CIRCUIT 

The M50957-XXXSP has two internal clock generating cir- 
cuits. Figure 26 shows a block diagram of the clock gener- 
ating circuits. Normally, the frequency applied to the clock 
input pin Xi, divided by four is used as the internal clock 
(timing output) ¢. Bit 7 of serial 1/O mode register can be 


used to switch the internal clock ¢ to 1/2 the frequency ap- | 


plied to the clock input pin Xgin. 


Figure 24 shows a circuit example using a ceramic (or 


crystal) oscillator. Use the manufacturer’s recommended 
values for constants such as capacitance which will differ 
depending on each oscillator. When using an external clock 


signal, input from the Xin (Xcin) pin and leave the Xour 


(Xcour): pin open. A circuit example is shown in Figure 25. 

The M50957-XXXSP has two low power dissipation modes; 
stop and wait. The microcomputer enters a stop mode 
when the STP instruction is executed. The oscillator (both 
Xin clock and Xciy clock) stops with the internal clock ¢ 
held at “H” level. In this case timer 2 and timer 3 are forc- 
ibly connected and ¢/4 is selected as timer 2 input. When 
restarting oscillation, FF, is automatically set in timer 2 and 
0716 in timer 3 in order to enable the oscillator to stabilize. 


Before executing the STP instruction, the timer 2 count stop. 


bit must be set to supply (“0”), timer 2 interrupt enable bit 
and timer 3 interrupt enable bit must be set to disable (“0”), 
_ and timer 3 interrupt request bit must be set to no eae 
("0"). 

Oscillation is restarted (release the stop mode) when INT;, 
INTs, or serial |/O interrupt is received. The interrupt en- 
able bit of the interrupt used to release the stop mode must 
be set to “1”. When restarting oscillation with an interrupt, 
the internal clock ¢is held “H” until timer 3 overflows.and 
is not supplied to the CPU. When oscillation is restarted by 
reset, “L” level must be kept to the RESET pin until the 
oscillation stabilizes because no wait time is generated. 
The microcomputer enters a wait mode when the WIT in- 
struction is executed. The internal clock ¢stops at “H” 
level, but the oscillator does not stop. ¢is re-supplied (wait 
mode release) when the microcomputer is reset or when it 
recieves an interrupt. 

Instructions can be executed ‘annsaiately because the 
oscillator is not stopped. The .interrupt enable bit of the in- 
terrupt used to reset the wait mode must be set to “1” be- 
fore executing the WIT instruction. 

Low power dissipation operation is also achieved when the 
Xin clock is stopped and the internal clock ¢is generated 
from the Xcin clock (200A or less at f(Xoiy) =32kKHZz). Xin 
clock oscillation is stopped when the bit 6 of serial I/O 
mode register (address OOF6,¢) is set and restarted when 
it is cleared. However, the wait time until the oscillation sta- 
bilizes miust be generated with a program when restarting. 





| An “L” level must be kept to the RESET pin unit the oscilla- 

tion stabilizes when resetting while the Xj; clock is stop- 
ped. Figure 27 shows the transition of states for the system 
clock. 








M50957-XXXSP 


Xin Xout 


Xcin Xcour 


aes Tee fees cl 


Fig.24 Example ceramic resonator circuit 


M50957-XXXSP 


Xin Xcout XcIin Xcout 


28 Open 29 30 Open 3] 
External oscillating External oscillating circuit 
circuit or external pulse 


Vss Vss 


_ Fig.25 Example clock input circuit 
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Timer 2 count source’ 
selection TM; 






Internal system 
clock source 
selection SM, 


System clock 
stop bit 


SMe 







Timing ¢ 
(internal clock) 





SM7 


STP instruction 


R _ STP WIT R 
instruction | instruction 


Cc Reset 
Cf — Interrupt disable flag | 


INT, interrupt enable | 


INT, interrupt request 





Timer 3 interrupt enable 


Timer 3 interrupt request 


Timer 2 interrupt enable 


Timer 2 interrupt request | 


Timer 1 interrupt enable 


Timer 1 interrupt request . 
(or serial I/O) 
INT2 interrupt enable 


INT, interrupt request 


Fig.26 Block diagram of clock denerating circuit 
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r 


WIT instruction 
—_— 









4MHz oscillation 
32kHz oscillation 
¢=stop(high-level) 
Timer operation 






—__—_—__> 
Interrupt 


External INT | 





Timer interrupt 
S$ 1/O interrupt 








STP instruction 


_4MHz oscillation 4MHz stop 
32kHz oscillation 32kHz stop 
@=1MHz ¢=stop 


Interrupt( Note 1) 
ae INT 
S I/O interrupt 





SM,7=0 


SM7=1 





WIT instruction 





4MHz oscillation 






<i __—_______ 
32kHz oscillation 
¢=stop 
Timer operation( Note 3 See oe 
a Interrupt 
External INT 


Timer interrupt 
S I/O interrupt 














STP instruction 







4M#z oscillation eae 4MHz stop 
32kHz oscillation 32kHz stop 
¢=16kHz : ¢=stop 
Interrupt( Note 2) 
External INT 


S I/O interrupt 


SM,=0 
It is necessary to program a 
latency period sufficient to allow 


the 4MHz oscillation to stabilize. 


SM,.=1 






WIT instruction 
<< 





4MHz stop 
32kHz oscillation 
¢=stop 

Timer operation( Note 3) 







Stee 
Interrupt 






Timer interrupt 










STP instruction 

















4MHz stop —— oe 4MHz stop 
32kHz oscillation | 32kHz stop 
¢ =16kHz ¢=stop 
Interrupt( Note 2) | 
External INT 


S 1/O interrupt 


External INT | 





S I/O interrupt 


The above example assumes that signals of 4MHz and 32kHz are being applied to pins Xin Xcin respectively. ¢ signifies the internal clock. 


(Note 1) 


(Note 2) 
(Note 3) 


Approximately 8ms of latency time are automatically generated upon release 

from the STP instruction due to the connections of timer 2 and 3. a 

Approximately 500ms of latency time exists after the release of the STP instruction. . 
When the internal clock 1/4 frequency is connected as a timer count source the count source becomes 4kHz. 


Fig.27 Transition of states for the system clock 
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Operation on the clock 


Normal operation 


Return from clock function function only 


RAM backup function 


Return from RAM backup function 
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<An example of flow for system> 


Power on reset 
Clock X and clock for clock function Xo oscillation 
Internal system clock start (X —-1/4— ¢) 


Program start from RESET vector 


Normal program +-Operating at 4 MHz 


Internal clock ¢ source switching X( 4 MHz)—Xce.x(32. 768kHz)(SM7 : 0-1 ) 
Clock X halt(Xc¢ in operation) 

Internal clock halt(WIT instruction) 

Timer 3 (clock count) overflow 


Internal clock operation start (WIT instruction released) 


Clock processing routine + Operating at 32. 768kHz 


i 


Internal clock halt (WIT instruction) 

Interrupts from INT,, timer 2, timer 1 or serial |/O, INT» 
Internal clock operation start (WIT instruction released) 
Program start i interrupt vector 


Clock X oscillation start 


Oscillation rise time routine (software) +Operating at 32. 768kHz 


| 


Internal clock ¢ source switching (Xo—X)(SM7: 1-0) 


Normal program .— Operating at 4MHz 


STP instruction preparation (pushing registers) 


| 


Timer 2, timer 3 interrupt disable, timer 3 interrupt no request (IM4= 0 , TMg= 0, TM7= 0 ) 
Timer coe stop bit resetting (TMs = 0 ) 


Clock X and clock for clock function Xo halt (STP instruction) 
RAM backup status 


Interrupts from ae serial |/O, INTs 
Clock X and clock for clock function Xo oscillation start 


Timer 3 overflow (X/16 or X¢/8—timer 2 timer 3) 
(Automatically connected by the hardware) 


internal system piece start (Xx—+-1/4—> ¢) 


. Program start from interrupt vector 


_| Normal program 
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PROGRAM NOTES 

(1) The frequency ratio of the timer and the prescaler is 1/ 
(n+1).. eu. | 

(2) Even though the BBC and BBS instructions are ex- 
-ecuted after the interrupt request bits are modified (by 
the program), those instructions are only valid for the 
contents before the modification. Also, at least one in- 
struction cycle must be used (such as a NOP) between | 
the modification of the interrupt request bits and the 
execution of the BBC and BBS instructions. 

(3) When ¢/4 or it divided by timer are used as clock for 
timer, the contents of the timer can be read at volun- 
tary timing. | 
However, when an other clock (except above clocks) 
is input to timer, read the contents of timer either while 
the input of the timer is not changing or after timer . 
count is stopped. 

(4) After the ADC and SBC instructions are executed (in 
decimal mode), one instruction cycle (such as a NOP) 
is needed before the SEC, CLC, or CLD instructions 
are executed. — : ni 

(5) A NOP instruction must be used after the execution of 
a PLP instruction. 


DATA REQUIRED FOR MASK ORDERING 
Please send the following data for mask orders. 

(1) mask ROM confirmation form 

(2) mark specification form - 

(3) ROM. data crrrcccccccretetsseseees esc aeeaseessaeroes EPROM 8 sets 
Write the following option on the mask confirmation form 

(1) ¢ output stop option 
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ABSOLUTE MAXIMUM RATINGS 


ee ee 

Input voltage, P2)~P2r, Ple~P32, PSi~PS; | 
CNVss, P52/INT2, P53/INT, 

Input voltage, RESET, Xin, Xcin With respect to Vsg. 

Input voltage, P69~P6s5, P33 Output transistors cut-off. 


















vr emiaageesices 
| Vo | Output voltage, P2o~P2r, PSy~PS2, P&~P3, | 
[ve | Outpt vetage, PrP. Xow Xoo, & Ps Seaver 
Output voltage, P0>~P07, Plo~P17, P4o~P47, P5o, PS; 
cr ne (ae mW 


—0.3~Vect0. 3 





a =i0~70 Se 


Cc 


Note 1 : 600mW for QFP types. 


RECOMMENDED OPERATING CONDITIONS (Vcc=5V+10%, Ta=—10~70€, unless otherwise noted) 


Parameter - 


Vv S It f(xy) =4- 2MHz Ded 
U voilage 

Supply voltage as a ae eee a a 

= 











“H” input voltage P29>~P27, P39~P37, CNVss( Note 2 ) 5 vey 
P5./INT2, P53/INT;, P6g~P65 Or ee 


“H” input voltage RESET, Xin, Xcin | 0.8Vcc | | Voc 


“L” input voltage P29~P27, P89~P37, CNVss 
Vv BV. V 
P52/INT2, P53/INT;, P6o~ P65 pee 


“L" input voltage P54~P57 0. 12Vec 


, 
“H” sum output current POQo~P0;7, P19p~P17, P4o~P47 
lou(sum) 


P5o, P5, 
lou(sum) | “H” sum output current P&9~P6s5 





- 


mA 


3 
>|> 


lot(sum) | “L” sum output current P29~P27, P39~P3;7 
lou(sum) | “L” sum output current P69~P65 mA 


lon(peak)| “H” peak output current POg~ PO, 


=| 
> 


lou(peak)| “H” peak output current POs~P07, P1p~P17 


lou(peak)| “H” peak output current P4y~P47, P5o, P5; 
lon(peak)| “H” peak output current P69~P6s5 


lot(peak) | “L” peak output current P29>~P27, P39~P37 


lou(peak) | “L” peak. output current P69~P6s5 


3 


=, 












3 


P| >| >|>|> 


3 


| 
= — w | ow | wo nN 
olwlalwl/S/dO/oja|/oala} o 
3 
> 


~loutava) | “H” average output current POo~P0, 
lon(ava) | “H” average output current POs~P07, P1o~P17 


loH(avg) | “H” average cutput current P4o~P47, P&S, P5, 


lon(ava) | “H” average output current P6>~P65 : 


=a) 


2N 
,oO; ays 
3 


lottava) | “L” average output current P29>~P27, P39~P37, Pég~P6s5 


o 
3 


*|/3/3 
N | >| >| >| >1> 


“L” average output current P6y~P65 


; Timer 3 counter clock input f(xjy) = 4. 2MHZ 
Se ONTE oscillation frequency (Note 3) f(xy) =| MHz 
fox) Clock input oscillating frequency (Note3, 4, 6) 


fox) Clock oscillating frequency for clock function 





lot(avg) 
H 


H 
MHz 


x 
N 


BS o 
: ron 
NO © 


o1 
Oo 
(a) 








Note 2 : High-level input voltage of up to +12V may be applied to permissible for ports P29>~P27, P3p~ 
. P82, P34~P37, CNVgs, P52 and P53. 

Oscillation frequency is at 50% duty cycle. 

When used in the low-speed mode, the timer clock input frequency should be fixin) < foxin)/3- 
The average output current lo.(avg) and loncavg) are in period of 100ms. 

When external clock input is used, the timer clock input frequency should be fcxcin) S 50KHz. 


mo & WwW 
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ELECTRICAL CHARACTERISTICS (Veco = 5V110%, Ves =0V,Ta= 25°C, f(x;,) = 4MHz, unless otherwise noted) 


, Limits 
Symbol Parameter Test conditions 
ee ee ee Typ. 


w=. 
“H” output voltage P0>~P07, Plo~P1,7 lox=—18mA 
= 


Vrs Von | Hysteresis PSYNTA PEVINT, ———SCSC~C“‘“SCS*dSCSC*C“‘“‘(‘<NNNNNTT 
[Vea Von [Hysteresis RESET. SSSC*~“*‘“*S*S*rCSC“‘“‘“C™SCO™SCSC*C*~*é~“‘(C*S*”S 
: 


Hysteresis P3, When used as CLK input 











Unit 


< 


oi (=) 
oO . 
+) oO io) on 


OV 
OV 

OV 

5V | 


NO} O17 Ot] N | on! Ol] NM ] OF] O11] OT] CO} On] O11] — “MI [1D N 
iS Rlelcl<l<lel<l<l<l<l<l< ie 
DI>l>l[Sl/Sl>lolSiololel>i> | 











Eel 

eeeee el 

et 

he ot 
= Pd 
= i me A 
| | “L” input current RESET, Xn, Xen MOY ue 
“L” input current P52/INTo, P53/INT,; lve et—<“i<‘“‘<COtsté‘éiCOCOC*d F 
“H" input current P6s~P6s_ Oe ue 

vey ? 

iw “H” input current P52/INT2, P53/INT; wesy : 
P0,~PO;, Plo~Ptr, Pag~P4r, Plo, PSy| Ve=Voo~36V, Vol=Veo | 900 | HA 
P0g~P07, Plo~P17, P4p~Pdz, PS, P5;! Ve=Voo—38V, VoL=Vec—38V rs 30 
















RAM retention voltage at clock stop 


Output pins open (output OFF) 
Vp=Voc, Vp=Vss Input and |/O pins all at Vss 
Xin=4MHz (system operation) 



















ditto (at comparator mode) 


3 







on 
- ‘ 
3 


k 3 ~ 
pbb! s bbls |. : 


ditto (at wait mode) 





Supply current Xin—Xour stop . 
Xcin=32kHz (at system operation) all other 


conditions same as above. 


nN 
ro} 
oO 
> 









ditto (at wait mode) . 





RI 
>| > 


Oscillation all stopped. | Ta=25°C 
a=70' 


(at STOP mode) Ta=70C 


> 


LU 





— 
oO; 
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COMPARATOR al ac ead (Voo=5V+10%, Vec=0V, Ta=25C, fot =4MHz) - 


ee 
‘intemal analog volage enor SSS | tee 
ranalogingutvotage | | Ves | 












X;=4MHz ceramic oscillator 


Input pin X2=32. 768kHz quartz crystal 
C,=C2=30pF oscillator 
Ry=1M0 

C3=10pF 

C,=30pF 

R2=10M2. 

R3=100kN 


Xcin 


Output pins are open — 





Fig.28 Supply current test.circuit 
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TIMING REQUIREMENTS | | 
Single-chip Mode (Voc = 5V+10%, Vss = OV, Ta = 25°C, f (xy) = 4MHz, unless otherwise noted) 


Symbol 


Port P2 input setup time ; 
Port P3 input setup time . 
Port P59/INT2, P5/INT; input setup time | 





Parameter 







xo) 
<= 
ro) 
x 


Limits 
* Unit 
Ty . 


N,N 
SIN 
O|oO 






Port P54~P57 input setup time . 
Port P2inputholdtime | 


tsu (pep-¢) Port P6 input setup time 
Port P3 input hold time 





th (¢-P3D) 


Port P52/INT2, PSg/INT; input hold time 

Port P6 input hold time : 
External clock input cycle time (Xjy input) 
External clock input pulse width (Xjy input) 
External clock input cycle time (Xcin) 
External clock input pulse width (Xcin) 





nN ie) POT RO] RD 
: NPQ PM]OLMTM DOIN) NIN 
OIA Air ad; OD/(Oloslsalolo!|a 


External clock rise time 
External clock fall time 





N 
o1 





” 


N 
oO 








Memory expanding mode and eva-chip mode 
(Voc = 5V+10%, Vss = OV, Ta = 25C, f (Xin 


tin Tye. 


= 4MHz, unless otherwise noted) 












Microprocessor Mode (Veo = 5VE10%, Veg = OV, Ta = 25C, f Ou) = 4MHz, unless otherwise noted) 


Symbol Parameter 


| Twin. [Typ | 
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SWITCHING CHARACTERISTICS 


Single-chip mode (Vcc = 5V+10%, Vss = OV, Ta = 25, f (xy) = 4MHz, unless otherwise noted) oo : ae 
ae shetlas | aan ve 
eter : est conditions ni 
Port PO data output delay time © . 
d(¢-Po0a) p y : Fig. 30 eas 
Port P1 data output delay time iis, = a 
Port P2 data output delay time | L280 


[230 
P| 230 
= 




















Fig. 30 
Port PS data output delay time : P| 
Port P6 data output delay time Fig. 29 ir =. | 





Memory expanding mode and eva-chip mode 
, (Voc = 5V410%, Vsg = OV, Ta = 25C, f(x.) = 4MHz, unless otherwise noted) 


, 
Symbol Parameter : Test conditions Unit 


Max. 
: 














4 
< 
TC 


N 
ol 
oO 


Re 
oO 
oO 


0 







NTR ERD 
on oO 
O};oO;oO 


td(¢-pia) - | Port P1 address output delay time 
Port P1 address. output delay time 
td(¢-P1aQ) Port P1 data output delay time . 


N 
Oo 
io) 


Nm | NO 
O!1O 
O}1}oO 
a 
no 








Port P1 data output delay time ; 
Port P2 data output delay time 300 
Port P2 data output delay time 300 





5 
5 





Port P3; data output delay time 
Port P3; data output delay time 


NM] N 
O};O 


we) 
(o) 
oO 


NO PPO ED 
ai} on] © 
O;oO;oO 




























Fig.29 Port P2, P3, P6 test circuit . Fig.30 Port PO, P1, P4, P5 test circuit 
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TIMING DIAGRAMS 


In single-chip mode. d 


Port PO output 
Port P1 output 
Port P2 output 
Port P2 input 
Port P3 output 
Port P3 input 


Port P4 output 


Port P5 output 


Port P5 input 
Port P6 output 


Port P6 input 


(Xin) 
' or 
f(Xcin) 











th (¢—pap) 
td (¢—P3q) . 
> arr as 
7 nae 
( = 
~th (g—psp) 
tsu (peD—¢) 
th (¢—Pep) 


to(xin) or te(xein) 
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In memory expanding mode and 
Eva-chip mode 






td (¢—poa) _ td (¢—Poar) td (¢—poarF) 


Port PO output 


0. GED 
td (¢—Poq) 
tsu (Ppop—¢) 
Port PO input 


NZ 








th (¢—PopD) 


td (d—Pt1a) td (¢—P1aF) td (¢—P1aF) 





Port Pl output 


\Z 


4 


Port P1 input 


Port P2 output 











tsu (p20-¢) 
Port P2 input 
th (¢-P2p) 

td (¢—R/w) . td (¢-R/WF) td (¢—p3,QF) 

rar oapa 0 xp 
td (¢-sYNc) td (¢-P3,QF) 

Port Pa ouput (SYN > GED, 

td (g—P3,Q) 
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Port PO output. 
Port Pl output 
Port P2 output 


Port P2 input 


Port P39 output (R/W) 


Port P3, output (SYNC) 
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td (¢—Poa) 


~ td (¢—p2a) td (¢—p2aF) 


) Do 


tsu (P20—9) . 


| th (¢—p2D) © 
td (¢—R/W) 
Th KK 


tg ($—SYNC) 
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DESCRIPTION 

The M50964-XXXSP and the M50963-XXXSP are single- 
chip microcomputers designed with CMOS silicon gate 
technology. All are housed in a 64-pin shrink plastic 
molded DIP (flat package type also available). 

These single-chip microcomputers are useful for business 
equipment and other consumer applications. 

In addition to its simple. instruction sets, the ROM, RAM, 
and I/O addresses are placed on the same memory map to 
enable easy programming. 

The differences between the M50964-XXXSP and the 
M50963-XXXSP are noted below. The following explana- 
tions apply to the M50964-XXXSP. 

Specification variations for other chips are noted accor- 
dingly. 

The differences between the M50964-XXXSP and the 
M50964-XXXFP are the package outline and power dis- 
sipation ability (absolute maximum ratings). 


M50964-XXXSP 6144bytes 
M50963-XXXSP 10240bytes 











DISTINCTIVE FEATURES 


@ Number of basic instructions:*:::+1+-11+rter teres eeee essere 69 
@® Memory size ROM-::::::::: 6144 bytes (M50964-XXXSP) 
10240 bytes (M50963-XXXSP) 

RAM eee errrrr reer rrr eee re er ee 160 bytes 


@ Instruction execution time 
nei 228 (minimum instructions, at 4MHz frequency) 


_ ® Single power supply f(Xij)=4MHze 5V+10% 

@ Power dissipation 
normal operation mode.(at 4MHz frequency) -:::15mW 

® Subroutine nesting vr 80 levels (Max.) 
@ interrupt::--: PPT OE ee TINT Ce TT NTT 7 types, 5 vectors 
e@ 8-bit timer CeCe ccc m wee eaten eee ener e eens ne Des este ee ee oenensseeeeeeneneee 4 
@ Programmable |/O ports (Ports PO, P1, P2, P3, P4)--:- 40 
@® Input ports (Port P5) Sasha VRlheekee st ndees esl Get vue el ere cah es bees 8 
e Output ports (Port P6) bea EN S Waleed scat dibs brecc le Siete eco eles ele os.cs eee 4 
@ Serial !/O (B-bit) -crceeeeer etter ees eed ere sees CHER Oe ia we ew eeels 4 
@ A-D converters ss: 8-bit successive approximation . 
@ D-A converter 
@ 38-bit PWM function 
@ Watchdog timer 
APPLICATION 


' Office automation equipment 
VCR, Tuner, Audio-visual equipment 


SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 


M50963-XXXSP/FP 





PIN CONFIGURATION (TOP VIEW) 


Voc 164] +> P2o |. 
AVss +> P2, 
Reference Was ++ P2, 


voltage input 
D-A output D-A 





Seat abe PWM — + P2, 1/O port P2 
P63 + P2. 
Output P6, + > P2, 
pone P6,/Q — > P2, 
P6,/T — ++ PQ, 
P4,/AN7 ++ ++ PO, 
P4,/ANg = > P0, 
P4./ANs > P0; 
I/O port PO 
1/O P4,/AN, > +> PO, 
pot P4) pa. /AN, «+ s . =< spo. | 
P42/ANo ++ 2 8 + PO, | | 
P4, + Bo S + PO, 
Pani Sx fae 
P37/Spapy ** a a we Pl, 
P3./CLK ** Uv OU +> Pl, 
P3s/Sour ** Els. Lo pot P I 
1/0 P3,/Sin + Pl, 
port P3 | P3,/CNTR + + Pl, 
P32/INT2 + + Pl, 
P3, > + Pl, 
P35 ++ PS; 
Interrupt input INT, — — P5, 
CNVss + P52 
Reset input RESET = — P53 iaput 
Clock input Xin pase P5,/ED, port P5 
Clock output = Xoy7 5] — P55/EDs 
Timing output p— = P5,6/EDs 
Vee — P5,/ED, 
Outline 64P4B 
SUCSORREEETAREAAAREZE 
See eee ee ee ee es ee 
49l{ 48 44jl43|i42|/4y 













P2; ping ’ = PS, 
P2, ++ . + P5> 
P2, +> [60] , = — P53 
P2, +> [61 +— PS4/ED, 
P2, + oer = P55/EDs 
Pp +> 8 M50964-XXXFP cen 
Vss M50963-XXXFP Vss 
NC + ¢% 
Voc — Xout 

— Xin 









<— RESET 












~] 


P43/AN3 + [=] 
NTR +> 








P47/AN7 > > | 
— P46/ANg + [1 
P4s5/ANs ++ [2] 
P44/AN, <> 
P4./AN> + [2] 


P33/C 





Outline 72P6 = Nc: Noconnection 
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Clock Sm 
Clock input output Timing output Interrupt input Reset input (5V) (Ov) (OV) 
Xin ~ Xour ¢ INT, RESET V Vss CNVs5 


6y7y8 


Output 


port P6 









Clock generating circuit 








Processor Program 


7S 1 
ane 


——— oe 2 om 


RE12(8) oe Instruction 
- decoder 


PRE3(8) | 









Stack 





Program 
Instruction 
register 3) 


status register 
PS(8) 





counter PC,,(8)} counter PC, (8) pointer S(8) 


8-bit ~ 
arithmetic | - RAM 
Accumulator 








ROM ae signal 


6144 bytes 






















Index Index 





d logical j : 
= or A(8) aon i register X(8) register Y(8) (Note 1) “eis : 7 
Prescaler Timer X 
| PREX(8) ee 
de 7 | 
I roeictae C2) width & af D | 
| modulator (8) 7 tp 
ere y 
(eos: ae | 
| oe | 
PAA A A A | 
| | itm 4 BaSEEE a Ty 
oe ake esx sek - 
One L4d (3313435136 )(37K38X3940) 101 12/13 OO : (8X 20K2") badd (616216364) —(4 114214344145 146)(4 7148) CNE2E3EHES) 
D-A Veer AV SS Ooo —_-——.—_____ 
PWM : - Input port P5 | I/O portP4 VO potP3 port P3 I/O port P2 ; Op port ot P1 170 pe port PO 


7" peice 


YSALNdMWODSOUDIW SOW) LI8-8 dIHO-ATONIS 


di/dSXXX-€960SIN 
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FUNCTIONS OF M50964-XXXSP 


Number of basic instructions 69 


Memory size 
CdS Sib SCSC~C~—“—*S*S*~*~*S*S~—“s~*S*S*S*~S~“—s~sSsS~—‘—“—s~“S~sSS 
P6____] Output | 4-bitxt (a part of P6 Is In common with external tigger oulputpin) 

























Input/Output ports 


Input/Output characteristics 
. 
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PIN DESCRIPTION 


Functions 


Supply votage Power supply inputs 5V+10% to Vcc, and OV to Vsgs. 


This is usually connected.to Vgs. 


Reset input To enter the reset state, the reset input pin must be kept at a “L” for more than 2us (under normal Voc 
conditions). If more time is needed for the crystal oscillator to stabilize, this “L” condition should be main- 
tained for the required time. 








ee. | Clock input This chip has an internal clock generating circuit. To control generating frequency, an external ceramic or a 
quartz crystal oscillator is connected between the Xjy and Xour pins. If-an external clock is used, the clock 

Clock output source should be connected the Xiy pin and the Xoyr pin should be left open. 

pe Timing output Output This is the timing output pin. 

in| Interrupt input Wigs This is the highest order interrupt input pin. 


Voltage input for A-D” This is GND input pin for the A-D and D-A converters. 
and A-D 


Reference voltage This is reference voltage input pin for the A-D and D-A converters. 
input ; 


PDA D-A output Output This is output pin from the D-A converter. . 
hall PWM output . This is output pin from the pulse width modulator. 








The output structure is N-channel open drain. 


Oo~PO; | I/O port PO ’ | Port PO is an 8-bit I/O port with directional register allowing each I/O bit to be individually programmed as 
input or output. At reset, this port is set to input mode. _ . 
The output structure is N-channel open drain. — 
1To~Pt7 | I/O port P1 1/0 Port P1 is an 8-bit |/O port and has basically the same functions as port PO. 
. The output structure is N-channel open drain. 
2o~ P27 I/O port P2 | Port P2 is an 8-bit |/O port and has pasically the same functions as port PO, but the output structure is 
CMOS output. | 
35~P3, 1/O port P3 Port P3 is an 8-bit |/O port and has basically the same functions as port PO. When serial |/O is used, P37, 
P35, P35, and P34 work as Shox CLK, Sour, and SiN pins, respectively. 
. Also P33 and P32 work as CNTR pin and the lowest interrupt input pin (INT>) , respectively. 
I/O port P4 Port P4 is an 8-bit 1/O port and has basically the same functions as port PO. P42~P47 work as analog input 
7 : . port ANo~ANz. . | . 


Input port P5 Input Port P5 is an 8-bit input port. P54,~P57 can be used as the edge sense inputs. 


65 P63 | Output port P6 . | Port P6 is an 4-bit Output port. At external trigger output mode, P6) and P6, are in common with the trigger 
input pin (T) and the trigger output pin (Q), respectively. 
, The output structure is N-channel open drain. ws . 
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BASIC FUNCTION BLOCKS 


MEMORY 

A memory map for the M50964-XXXSP is shown in Figure 
1. Addresses E800,, to FFFFi, are assigned to the built-in 
ROM area which consists of 6144 bytes (Address D800;, to 
FFFF,, are assigned for the built-in ROM area which con- 
sists of 10240 bytes for M50963-XXXSP). 

Addresses FFOQ,, to FFFFi, are a special address area 
(special page) . By using the special page addressing 
mode of the JSR instruction, subroutines addressed on this 
page can be called with only 2 bytes. Addresses FFF4;, to 


FFFF,, are vector addresses used for the reset and inter- 


rupts (see interrupt chapter). Addresses 0000;, to OOFF,, 


are the zero page address area. By using the zero page 


_ addressing mode, this area can also be accessed with 2 


bytes. The use of these addressing methods will greatly re- 
duce the object size required. The RAM, I/O port, timer,. 
etc., are assigned to this area. 

Addresses 0000,, to OO9F,g are assigned to the built-in 
RAM and consist of 160 bytes of static RAM. In addition to 


- data storage, this RAM is used for the stack during sub- 


routine calls and interrupts. | | 


Decimal 


RAM 
(160 bytes) 


Zero page 

ROM 

(10240 

bytes) ROM 

for 
XXXSP on 
or 
subroutine 
call Address L 


Address H 
' Address L 
Address H 
Address L 
Address H 
Address L 
Address H 
Address L 
Address H 









FFFF 4, 






















directional 
register 


directional 
Port P1 register 


Port P2 


directional 
Port P2 register 


255 00E8 1, 
00E9,,]Port P3 dive cnonal 

\ OOEA,, | 
\ 00EB,,|Port P4 ae 
\ O0EC i, 


| 


A-D control register - 







ss : OOF9,,} Timer 1,2 prescaler 
S I/O or timer 2 OOFB,,| Timer 2 
Timer1 \ OOFCi6 
Timer X OOFDi, 








Fig.1 


Memory map 
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CENTRAL PROCESSING UNIT (CPU) 


The CPU consists of 6 registers and is shown in Figure 2. 


ACCUMULATOR (A) 
The 8-bit accumulator (A) is the main register of the micro- 
computer. Data operations such as data transfer, Input/Out- 
put, etc., are executed mainly through accumulator. 


Accumulator 
Index register X 

‘Index register Y 
Stack pointer 


Program counter 


Fig.2 Register structure 


INDEX REGISTER X (X) > 

The index register X is an 8-bit register. 

In the index addressing mode, the value of the OPERAND 
added to the contents of the register X, specifies the real 
address. When the T flag in the processor status register is 
set to “1”, the index register X itself becomes the address 
for the second OPERAND. 


INDEX REGISTER Y (Y) 


The index register Y is an 8-bit register. 


_In the index addressing mode, the value of the OPERAND 
. added to the contents of the register Y specifies the real 


address. 


7 0 


Processor status register 


Carry flag 
Zero iad 

| Interrupt disable flag 
Decimal moge flag 
Break flag 
Index X mode flag 
Overflow iiss 


—- Negative flag 
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STACK POINTER (S) 

The stack pointer (S) is an 8-bit register that contains the 
address of the next location in the stack. It is mainly used 
during interrupts and subroutine calls. The stack pointer is 
not automatically initialized after reset and should be initial- 
ized by the program using the TXS instruction. 

The location of the stack can be determined by the stack 
page bit (bit 4 at address OOFF,,). When bit 4 is “0” and 
the contents of the stack pointer is XXi.¢, the stack address 


is set to OOXX,,¢. When bit 4 is “1”, the stack address is set 


to 01XXig. When using this microcomputer in the single- 
chip mode, the stack page bit must be “0” and the stack 
pointer should be set at the bottom address of the internal 
RAM. 

When an interrupt occurs, the higher 8 bits of the program 
counter are pushed into the stack first, and then the lower 8 
bits of the program counter are pushed into the stack. After 
each byte is pushed into the stack, the stack pointer is de- 
cremented by one. Next, the contents of the processor sta- 
tus register are pushed into the stack. When the return from 
interrupt instruction (RTI) is executed, the program counter 
are processor status register data is pulled off the stack in 
reverse order from above. 

The Accumulator is never pushed into the stack automati- 
cally. A Push Accumulator instruction (PHA) is provided to 
execute this function. Restoring the Accumulator to its pre- 


vious value is accomplished by the Pull Accumulator in- - 


struction (PLA). It is executed in reverse order of the PHA 
instruction. 

The contents of the Processor Status Register (PS) are 
pushed (pulled) to (from) the stack with the PHP and PLP 
instructions, respectively. Only the program counter is 
pushed into the stack during a subroutine call. Therefore, 
any registers that should not be destroyed should be 
pushed into the stack manually. The RTS instruction is 
used to return from a subroutine. : 


PROGRAM COUNTER (PC) 

The 16-bit program counter consists of two 8-bit registers 
PCy and PC,. The program counter is used to indicate the 
address of the next instruction to be executed. - 


PROCESSOR STATUS REGISTER (PS) 

The processor status register is composed entirely of flags 
used to indicate the condition of the processor immediately 
after an operation. Branch operations can be performed by 
testing the Carry flag (C), Zero flag (Z), Overflow flag (V) 
or the Negative flag (N). Each bit of the register is ex- 
plained below. | 


1. Carry flag (C) 

The carry flag contains the carry or borrow generated by 
the Arithmetic and Logical operation Unit (ALU) im- 
mediately after an operation. It also changed by the shift 


and rotate instructions. The set carry (SEC) and clear carry > 
(CLC) instructions allow direct access for setting and. 


clearing this flag. | 


2. Zero flag (Z) 

This flag is used to indicate if the immediate operation 
generated a zero result or not. If the result is zero, the zero 
flag will be set to “1”. If the result is not zero, the zero flag 
will be set to “0”. | : 


3. Interrupt disable flag (1!) 

This flag is used to disable all interrupts. This is accom- 
plished by setting the flag to “1”. When an interrupt, this 
flag is automatically set to “1” to prevent other interrupts 
from interfering until the current interrupt is completed. The 
SEI and CLI instructions are used to set and clear this flag, 
respectively. _ | 


4. Decimal mode flag (D) 

The decimal mode flag is used to define whether addition 
and subtraction are executed in binary or decimal. If the 
decimal mode flag is set to “1”, the operations are ex- 
ecuted in decimal, if the flag is set to “0”, the operations 
are executed in binary. Decimal. correction is automatically 
executed. The SED and CLD instructions are used to set 
and clear this flag, respectively. 


5. Break flag (B) 


- When the BRK instruction is executed, the same operations 


are performed as in an interrupt. The address of the inter- 
rupt vector of the BRK instruction is the same as that of the 


lowest priority interrupt. The contents of the B flag can be. 


checked to determine which condition caused the interrupt. 
If the BRK instruction caused the interrupt, the break flag 
will be “1”, otherwise it will be “O”. 


6. Index X mode flag (T) | | 
When the T flag is “1”, operations between memories are 
executed directly without passing through the accumulator. 


Operations between memories involving the accumulator. 


are executed when the T flag is “O” (i.e., operation results 
between memories 1 and 2 are stored in the accumulator). 
The address of memory 1 is specified by the contents of 


the index register X, and that of memory 2 is specified by — 


the normal addressing mode. The SET and CLT instructions 
are used to set and clear the index X mode flag, respec- 


_ tively. 
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7. Overflow flag (V) | 

The overflow flag functions when one byte is added or sub- 
tracted as a signed binary number. When the result ex- 
‘ceeds +127 or —128, the overflow flag is set to “1”. When 
the BIT instruction is executed, bit 6 of the memory location 
is input to the overflow flag. The overflow flag is reset by 
the CLV instruction and there is no set instruction. 


8. Negative flag (N) 

The negative flag is set whenever the result of a data trans- 
fer or operation is negative (bit 7 is set to “1”). Whenever 
the BIT instruction is executed, bit 7 of the memory location 
‘is input to the negative flag. There are no instructions for 
directly setting or resetting the negative flag. 


Table 1 Interrupt vector address and updo 


ee 
Timer X 
ee 


ee a 
a, FFA 

























Interrupt 
~ request 
Interrupt disable flag | 
Reset 
Interrupt control 


Fig.3 


INTERRUPT | 
The M50964-XXXSP can be 


interrupted from seven 
sources; INT,, timer X, timer 1, timer 2/serial I/O, or INT>/ 
BRK instruction. 

However, the INTs pin is used with port P3, and the corres- 
ponding directional. register bit should be set to “O” when 


‘ P3, is used as an interrupt input pin. 


The value of bit 2 of the serial 1/O mode saictet Gane 
OOF6,.) determine whether the interrupt is from timer 2 or 
from serial |/O. When bit 2 is “0” the interrupt is from timer 
2, and when bit 2 is “1” the interrupt is from serial I/O: Also, 
when the bit 2 is “1”, parts of port P3 are used for serial |/ 
O. These interrupts are vectored and their priorities .are 
shown in Table 1. Reset is included in this table since it 
has the same functions as the interrupts. 

When an interrupt is accepted, the contents of certain reg- 
isters are pushed into specified locations, (as discussed in 
the stack pointer section) the interrupt disable flag | is set,. 
the program jumps to the address specified by the interrupt 
vector, and the interrupt request bit is cleared automatical- 
ly. The reset interrupt is the highest priority interrupt and 
can never be inhibited. Except for the reset interrupt, all in- 
terrupt are inhibited when the interrupt disable flag | is set 
to “1”. All of the other interrupts can further be controlled 
individually via the interrupt control register shown in Figure 


7 0 | | 
[ede ae Mie les Interrupt control register (Address O0FE,,) 


Bit 7 : INT; pin interrupt request bit 
Bit6 : INT, pin interrupt enable bit 
Bit5 : Timer 1 interrupt request bit 
Bit 4 : Timer 1 interrupt enable bit 
-Bit3 : Timer 2 interrupt or serial I/O interrupt request bit 
Bit 2 : Timer 2 interrupt or serial 1/O interrupt enable bit . 
Bit1 : INT> pin interrupt request bit 
BitO : INT> pin interrupt enable bit 


Timer control register (Address OOFF,,) 


 Bit7 ! Timer X interrupt request bit 
Bit 6 : Timer X interrupt enable bit 
_ Bit5 > Timer X count stop bit 

' Bit4 : Stack page bit 

Bit3 : 
Bit 2 : 
Bit] : 
BitO : 


}Timer X mode bit 


Processor mode bit 
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3. An interrupt is accepted when the interrupt enable bit 

and the interrupt request bit are both “1” and the interrupt 

disable flag is “O”. 

The interrupt request bits are set when the following condi- 

tions occur: 

(1) When the INT, or INTs pins go from “H” to “L” 

(2) When the contents of timer X, timer 1, timer 2 (or the 
serial |/O counter) go to “0” 

These request bits can be reset by the program but can not 

be set by the program. However, the interrupt enable bit 

can be set and reset by the program. 

Since the BRK instruction and the INT». interrupt have the 

Same vectored address, the contents of the B flag must be 

checked to determine if the BRK instruction caused the in- 

terrupt or if INT, generated the interrupt. 





TIMER ! 
The M50964-XXXSP has three timers; timer X, timer 1, tim 


er 2 and timer 3. Since P3 (in serial |/O mode) and timer 2° 


use some of the same architecture, they cannot be used at 
the same time (see serial |/O section). Timer X has four 
modes which can be selected by bit 2 and 3 of the timer 
control register. When the timer X count stop bit (bit 5) is 
set to “1”, the timer X will stop regardless of which mode it 
is in. A block diagram of timer X, timer 1, timer 2 and timer 
3 is shown in Figure 4. | 
The P3./CNTR pin cannot be used as CNTR when P39; is 
being used in the normal I/O mode. 
Timer 1 and timer 2 share with a prescaler. This prescaler 
has an 8-bit programmable latch used,as a frequency di- 
vider. The division ratio is defined as 1/(n+1), where n is 
the decimal. contents of the prescaler latch. All four timers 
are down-count timers which are reloaded from the timer 
latch following the zero cycle of the timer (i.e. the cycle af- 
ter the timer counts to zero). 
The timer interrupt request bit is set to “1” during the next 
clock pulse after the timer reaches zero. The interrupt and 
timer control registers are located at addresses OOFE,, and 


OOFFi.¢, respectively (see Interrupt section). The prescaler 


latch and timer latch can be loaded with any number. 
The four modes of timer X as follows: 
(1) Timer mode (00) 
In this mode the clock is driven by the oscillator fre- 


quency divided by 16. When the timer down-counts to ° 


zero, the timer interrupt request bit is set to “1” and 
the contents of the timer’s latch is reloaded into the 
timer and the counting begins again. | 
(2) Pulse output mode [01] 
In this mode, the polarity of the CNTR signal is re- 
versed each time the timer down-counts to zero. 
(3) Event counter mode (10) 
This mode operates in the same manner as the timer 
mode except, the clock source is input-to the CNTR 
pin. This mode will allow an interrupt to be generated 


whenever a specified number of external events have 
been generated. The timer down-counts every rising 
edge of the clock source. . 
Pulse width measurement mode (11) 

This mode measures the pulse width (between lows) 
input to the CNTR pin. The timer, driven by the oscilla- 
tor frequency divided by 16, continues counting during 
the low cycle of the CNTR pin. When the timer con- 
tents reaches “0”, the interrupt request bit is setto“1”, 
the timer’s reload latch is reloaded and the counting 
resumes. . 

The structure of the timer control register is shown in 
Figure 5. | | 
When the STP instruction is executed, or after reset, 
the prescaler and timer latch are set to FFy,g and 0146, 
respectively. Also, when the STP instruction is ex- 
ecuted, the oscillator’s frequency (divided by 16) will 
become the counting source, regardless of the timer X 
mode setting. This state will be released when the tim- 
er X interrupt request bit is set to “1”, or after a reset. 
Timer X will then enter the mode specified by its mode 


‘bits. For more details on the STP instruction, refer to 


the oscillation circuit section. 

The function of timer 3 is as same as that of timer 1 
and timer 2, with the exception that the detection of its 
overflow is Known by the overflow bit (bit 3 of address 
QOEF,,). When the timer down-counts to zero, the over- 
flow bit is set to “1” and the contents of the timer’s 
latch is reloaded into the timer. 

The reset of the overflow bit is made by; 

a) hard ware reset 

b) write “0” to overflow bit 

c) write instruction to timer 3 

The structure of special function selection register is 
shown in Figure 6. | 
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Oscillator Divider When STP instructions tis [Prescaer laton (6) 
executed, this circuit is “Tl latch Prescaler latch (8) 

. 1/16 Ti r connected 
EUS EINOCE O coercively. 

Pulse width measurement 

T) mode 

©) 
>o | 


P33/CNTR Event counter mode 
C ) O 
| Pulse output mode 
O 

















‘Timer X latch (8) 





to timer X interrupt request bit 


Timer X count a bit 
(Bit 5 at address OOFF;,) 


Toggle flip-flop 


Reset, or 
STP 










instruction 





Sees Bata bus 

Prescaler =T 7 ca Timer 3 | Timer 3 latch (8) aia) 

ea eae 3 overflow bit 
| Prescaler (8) | Prescaler (8) 
scaler ( _t | Timer3 (8) _ OF | | (Bit 8 at address OOEF .) 

Loo ee, Data bus — 

“TT latch (8 al Timer] T Timer 1 latch (8) 

to timer 1 
it | | Timer1 (8) interrupt 


request 
bit 
to timer 2 or 
serial I/O 
interrupt 
request bit 


P3./CLK 


a | 

Cee eee 

Sears Serial I/O mode register (Address 00F5,.) 
4 0 


Fig.4 Block diagram of timer X, timer 1, timer 2, and timer 3 
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/ 0 | 
ai ee ee Timer control register (Address OOFF,.) 


Processor mode bit 
00 : Single-chip mode 
01: Memory expanding mode 
10 : Microprocessor mode 
11: Eva-chip mode 


Timer X mode bit 
00 : Timer mode 
01: Pulse output mode 
10 : Event counter mode 
11: Pulse width measurement mode 
Stack page bit 
0:0 page 
1:1 page 
Timer X count stop bit 
0 : Count start 
1: Count stop 


Timer X interrupt enable bit 
0 : Interrupt disable 
1 : Interrupt enable 


Timer X interrupt request bit 
0 : No interrupt request 
1 : With interrupt request 





Fig.5 Structure of timer control register 
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Special function selection register 
(Address O0EF,¢) 


Timing output-.control bit 
0: Timing ¢ output 
1: “L” level output 


External trigger mode selection bit (P69, P6;) 


0 : Normal output port 
1 : External trigger !/O port 


Timer 3 overflow bit 
1: Timer 3 overflow 


Polarity of edge sence input selection bit 
0 : Detected by falling-edge 
1° Detected by raising-edge 





Fig.6 Structure of special function selection register 





9-481 








MITSUBISHI MICROCOMPUTERS 


M50964-XXXSP/FP 
M50963-XXXSP/FP 


SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER © 





SERIAL I/O . 

A block diagram of the serial |/O is shown in Figure 7. 

In the serial |1/O mode the receive ready signal (Srpy), syn- 
_chronous input /output clock (CLK), and the serial I/O pins 
(Sout, Sin) are used as P37, P3g, P35, and P3,, respectively. 


The serial 1/O mode register (address 00F5,,¢) is a 5-bit ° 
register. Bits 1 and 0 of this register is used to select a. 


synchronous clock source. 


When these bits are (00) or (01), an external clock from — 


P3, is selected. When these bits are [10], the overflow sig- 
‘nal from timer 2, divided by two, becomes the synchronous 
_ clock. Therefore, changing the timer period will change the 


Oscillator Divider 


Se 1/16 


transfer speed. When the bits are [11], the oscillator fre- 
quency divided by 16, becomes the clock. | 
Bit 2 to 4 decide whether parts of P3 will be used as a Se- 
rial |/O or not. When bit 3 is “O” and bit 2 is “1”, P3g be- 
comes an I/O pin of the synchronous clock. When an.inter- | 
nal synchronous clock is selected, the clock is output from 
P3,. If an external synchronous clock is selected, the clock 
is input to P38, and P38, will be a serial output and P3, will 
be a serial input. To use P3, as a serial input, set the direc- 
tional register bit which corresponds to P3,-to “0”. For more 
information on the directional register, refer to the I/O pin 
section. 


from timer 1, 2 


Say prescaler 


P3, O Ss 


Timer 2 (8) 


Divider (Address 00FB;.) 


to timer 2 or 


1/2 a 


serial |/O interrupt 


Db request bit | 
| ) 


Transfer clock 


Sout 


a = MSB_ Serial I/O register (8) LSB i 


aa 
ee Serial I/O mode register (Address 00F5,,) 


Fig.7 | Block diagram of serial I/O 


fee Synchronous clock selection bit 


oO | sextemalclock 
01: ernal cloc | 
10 : Timer 2 overflow signal divided by 2 


11 : Oscillation frequency divided by 16 


Serial I/O port selection bit (P35, P3.) 
‘00 : Normal I/O port 

01 : Serial I/O port 

10: 
it: 
Srpy Signal output selection bit (P37) 
0 : Normal |/O port 

1: Sapy signal output pin 


Not used 
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To use the serial I/O, bit 3 and bit 2 need to be set to “01”, 
if they are “OO” P3, will-function as a normal |/O. Interrupts 
will be generated from the serial |/O counter instead of 
timer 2. Bit 4 determines if P37 is used as an output pin for 
the receive data ready signal (bit 4=1, Sppy) or used as 
normal I/O pin (bit 4=0). The serial |/O function is discus- 
sed below. The function of the serial I/O differs depending 
on the clock source; external clock or internal clock. 

Internal clock—The Srpy signal becomes “H” during trans- 
mission or while dummy data is stored in the serial I/O reg- 
ister (address 00F7,,). After the falling edge of the write 
signal, the Srpy signal becomes low signaling that the 
M50964-XXXSP is ready to receive the external serial data. 
The Sarpy signal goes “H” at the next falling edge of the 
transfer clock. The serial |/O counter is set to 7 when data 
is stored in the serial |/O register. At each falling edge of 








Synchronous clock 





ep ee eel, ee ee + 


Serial |/O register 
write signal 


Serial 1/O output 
Sour 


Serial [/O input 
Sin 


Receivable signal 





Savy 





Fig.8 Serial I/O timing 


Sending side 


Serial |/O mode register 


bit 4 bit 0 


Set the directional 
register for P37 pin 
in input mode. 


Synchronous clock 


the transfer clock, serial data is output to P35. During the 
rising edge of this clock, data can be input from P3, and 
the data in the serial |/O register will be shifted 1 bit. | 
Data is output starting with the LSB. After the transfer clock 
has counted 8 times, the serial 1/O register will be empty 
and the transfer clock will remain at a high level. At this 
time the interrpt request bit will be set. 

External clock—lIf an external clock is used, the interrupt 
request will be sent after the transfer clock has counted 8 
times but transfer clock will not stop. 

Due to this reason, the external clock must be controlled 
from the outside. The external clock should not exceed 
500kHz at a duty cycle of 50%. The timing diagram is 
shown in Figure 8. An example of communication between 
two M50964-XXXSPs is shown in Figure 9. 






= 





Interrupt request bit set 


Receiving side 


Serial 1/O mode register 
P37 
bit 4 bit 0 


Paes RES 


~ Set the directional 
P3 register for P3, pin 
- in input mode. 


Serial data 


Fig.9 Example of serial I/O connection — 
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A-D CONVERTER ss 7 
An 8-bit successive approximation method of A-D conver- 
sion is employed providing a precision of +3LSB. A block 
diagram of the A-D convertor is shown in Figure 10. Con- 
version is automatic once it is started with the program. — 
The six analog inputs are used in common with pins P4;, 
P45, P45, P44, P43, and P45 of port 4. Bits 1 and 0 of the A-D 
control register (address 00F3,,¢) are used to select which 
pins are used for A-D conversion. The input condition is 
accomplished by setting to “O” the bit in the directional 
register that corresponds to the pin where A-D conversion 
is to take place. Bit 4 of the A-D control register is the A-D 
conversion end bit. During A-D conversion, this bit is “0”, 
and upon completion becomes “1”. Thus, it can be ascer- 
tained whether or not A-D conversion has been completed 
or not by inspecting this bit. The relation between the con- 


tents of the A-D control register and the selection of input 


pins are shown in Figure 11. . 
The results of the conversion can be found be reading the 


_ contents of the successive approximation register address — 


OOF2,, which stores the results of the conversion. The proc- 
edure for executing A-D conversion is next explained. First- 
ly, the pin that is to be used for the A-D conversion is 
selected by setting bit 1 and bit 0 of the A-D control regis- 
ter. Next, the successive approximation is written to upon 
which the A-D conversion starts. Since actual data is not 
written to the successive approximation, any type of may be 


Resistance ladder 


Successive approximation register 
(Address 00F2,,) 


Data bus... 


Fig.10 Block diagram of A-D converter 


written. Simultaneous with its being written, the A-D con- 
version end bit (bit 4 of address 00F3,,¢) is cleared to “O” 
signifying that A-D conversion operations are being con- 
ducted. A-D conversion completes after 198 clock cycles 
upon which the A-D conversion end bit is set to “1” and the 
results of the conversion can be found in the successive 
approximation register. Since the comparator consists of 
the capacitive coupled configuration, f(X),) is needed lar- 
ger than 1MHz during A-D conversion. 


' A-D control register (AddreSs 00F3,.¢) 


Analog input selection bit 
010 :P4./AN, 
011 :P43/AN, 

0 > P44/AN, 

1 > P46/ANs 

0 > P46/AN, 

1 > P4,/AN, 


A-D conversion end bit 
0 : A-D conversion in progress 
1 : A-D conversion completed 





Fig.11 Structure of A-D control register 


O P47/AN7 
CQ P46/ANe 
O P45/ANs_ 
@ PAs/ANs 
© P4/ANg 
OC) P42/AN2 


Comparator and 


control circuit 


<7 AD 
XL LE | J esr rete 


‘(Address 00F3;.) 
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D-A CONVERTER output voltage V and the contents (n) of the D-A conversion | 
The R-2R method is used for D-A conversion. The block di- register is V=Vrer X n/32(n=0~31). 

agram is shown in Figure 12. An analog voltage is output Reset operation clears the content n of the D-A conversion 
that corresponds to the contents of the D-A conversion reg- register to 04... 


ister (address OOFO;,). Ideally, the relation of the analog 


R-2R ladder 


D-A conversion register (Address 00F0,.) 





Fig.12 Block diagram of D-A converter 
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PULSE WIDTH MODULATOR | 
The pulse width modulation register (address OOF1i¢) is 
configured of an 8-bit counter. The period of repetition is 


4080 clock cycles. With the content of the pulse width mod- | 


ulation register m, the PWM pin becomes high-level for the 


period of 4080 X m/255 (m=0~255). Figure 13 shows that 
relationship. An N-channel open drain output is used for the 
PWM pin. | 
Reset sets the content m of the pulse width modulation 
register to 004¢. 


kone period of 4080 clock cycles 


01 2 3 


Fig.13 Relation between m and PWM output 


253 2540 1 2 3 4 
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WATCHDOG TIMER | 

The watchdog timer provides the means to return to a reset 
condition when a program runs wild and the program will 
not run the normal loops. 

The watchdog timer (address 00F4,,) is a 15-bit counter. 
The watchdog timer counts 1/16th the output frequency of 
the oscillator. The watchdog timer is set to 7FFFi, when a 
reset is accomplished a write operation has been made to 
it. As well as any of the instructions that generate a write 
signal, such as STA, LDM, and CLB, can be used to write 
data to the watchdog timer. An output of the most signifi- 


cant bits of the watchdog timer is input to the reset circuit. - 


When 262144 clock cycles have been counted, the most 
significant bit becomes “0” and reset is carried out. When 
reset is carried out, the watchdog timer is set to 7FFF,, and 
reset is released. The program then begins again from re- 
set vector address. Normally, the program is written so that 
a writing operation is made to the watchdog timer prior to 
the most significant bit's becoming “0”. Application of a 
+10V to the RESET pin will disable the watchdog timer 
function. 

Since execution of the STP instruction causes both the 
clock and the watchdog timer to stop, an option is offered 
where the STP instruciotn can be disabled. 





f(Xin) 


SYNC 


’ Address 


Data ED €D ED ED ED CD CD 


8~12 clock cycles 


Fig.14 Timing diagram at reset 


RESET CIRCUIT Se as 

The M50964-XXXSP is reset according to the sequence 
shown in Figure 14. It starts the program from the address 
formed by using the content of address FFFF1,. as the high 
order address and the content of the address FFFF,. as the. 
low order address, when the RESET pin is held at “L” level 





_for more than 2us while the power voltage is in the recom- 


mended operating condition and the crystal oscillator 
oscillation is stable and then returned to “H” level. The in- 
ternal initializations following reset are shown in Figure 15. 
An example of the reset circuit is shown in Figure 16. 
When the power on reset is used, the RESET pin must be 
held “L” until the oscillation of Xiy-Xoyr becomes stable. 





2 Kz LX 00-5 X00.5-1X00.S-2XF FFEXE EFEX AD) 


Reset address from the 
vector table 


Note 1: Frequency relation of f(Xin) and dis f(Xiy) =4°¢. 
2: The mark “?” means that the address is changeable 
depending on the previous state. 
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Address Power on 


M50964-XXXSP 


(1) Port PO directional register ( E 1 16 
(2) Port P1 directional eSaiciey ( E346 )°° 
(3) Port P2 directional register ( E 5 46 
(4) Port P3 directional register ( E 9 46 
(5) Port P4 directional register( E Big 
(6) Port P6 (EB ag. 


XXX{0/0}0) M50964-XXXSP 


RESET Supply voltage | 


age detection circuit 


(7) Special function selection ( EF ne 
register 


(8) D-A conversion register F O46 


(9) Pulse width modulation Fl 46 
register 


(10) Watchdog timer F4ig )er 7FF Fi, 


(11) Serial 1/O mode register [FP 'Sise vee | | fofojojo! 


(12) Prescaler X F Ci, 


| o 
nilo ollo 
eS nll o allo 
a ® a a 
iS 
fo | p< | 


(13) Timer X F Dig 





(14) Interrupt control register FEis | 
Fig.16 Example of reset circuit 


(15) Timer control register F Fis 


tes 
o;| mn 
—|/m 
a.) /o 

|S | 


(16) Interrupt disable flag on PS 
processor status register 


else Tae 


(17) Program counter ( PCy )- 


O QO 
(2) (2) 
= | 
- oman 
O. (a) 
= a | 
roe Ps - 
n n 
je) je) 
— —" 
pe) pe) 
Q. Qa 
mo} |no 
| ‘TI 
1h | | Ties 
no! | TMH 
o 


( Po, )~ 


Note 1 : Port P6 is the high-impedance state during reset. 
After return from reset, it is “FF 4,_”. a 


16 





Fig.15 Internal state of microcomputer at reset 
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/O PORTS 


(1) 


Port PO 

Port PO is an 8-bit 1/O port with N-channel open drain 
output. 

As shown in the memory map (Figure 1), port PO can 
be accessed at zero page memory address O0E0j,. 
Port PO has a directional register (address 00E1,,) 
which can be used to program each individual bit as 
input (“0”) or as output (“1”). If the pins are program- 
med as output, the output data is latched to the port 
register and then output. When data is read from the 
output port the output pin level is not read, only the 
latched data in the port register is read. This allows a 
previously output value to be read correctly even 


though the output voltage level is shifted up or down. . 


Pins set as input are in the floating state and the signal 
levels can thus be read. When data is written into the 
input port, the data is latched only to the port latch and 


the pin still remains in the floating state. 


Depending on the contents of the processor status reg- 
ister (bit O and bit 1 at address OOFF,,), four different 
modes can be selected; single-chip mode, memory ex- 
panding mode, microprocessor mode and eva-chip 
mode. These modes (excluding single-chip mode) 
have a multiplexed address output function in addition 
to the I/O function. For more details, see the processor 
mode information. 

Port P1 


In the single-chip mode, port P1 has the same function 


as PO, but it has CMOS output. In the other modes, 
P1’s functions are slightly different from PO’s. For more 
details, see the processor mode information. 

Port P2 

In the single-chip mode, port P2 has the same function 
as PO. In the other modes, P2’s functions are slightly 
different from P0’s. 

For more details, see the processor mode information. 
Port P3 

In the single-chip mode, port P3 has the same function 


as PO. In the other modes, P3’s functions are slightly 


different from PO’s. Port P38 can also be used as serial 
I/O, INT2 and I/O pins for timer X. For more details, 
see the processor mode information. 

Port P4 

Port P4 has the same function as port PO in the single- 
chip mode. But P4, through P42 can also be used as 
analog input pins AN7 through AN». 

Port P5 . | . 

Port P5 is an input port. P54 through P57 can also be 
used as edge sence inputs. In such a case, reading is 
begun from QOED;,,g. OOED;, is provided with a latch 
which is set to “1” when the input changes from high- 
level to low-level. 





_ And for P57, polarity of input edge can be selected by 
polarity of edge sense input selection bit (bit 7 of 


address OOEF;¢). 


MITSUBISHI 
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(11) 


When this bit is set to “0”, its latch is set to “1” at the 
input level goes to “L” from “H”. When this bit is set to 
“1”, its latch is set to “1” at the input level goes to “H” 
from “L”. At the reset state, this bit is set to “0”. 

When content of polarity of edge sense input selection 
bit was set by program, the latch (bit 7 of address 
OOED,,) must be reset once. 

The input pulse width must be at least 7 clock cycles 
wide. The latch is reset by using such instructions as 
LDM and CLB to write a “0” to the latch. When OOED., 
is read, the lower order 4 bits are always zero. 

When port P5 is used as level sense input, read the 
contents of the address O0EC;.. 

Port P6 | 

Port P6 is a 4-bit output port. It has N-channel open 
drain output. P69 and P6, can be used as external trig- 
ger I/O pins, when external trigger mode selection bit 
(bit 2 of address OOEF,,) is set to “1”. In this case, P6, 
and P6, are trigger clock input pin and trigger output 
pin, respectively. Using external trigger mode, P6,'s 
latch must be set to “1” in order to off the output tran- 
sistor. In external trigger mode, the content of P6,’s 
latch is output to pin when the rising or falling edge is 
input.to P69 pin. : . 

When external trigger mode selection bit is set to “0”, 
P69 and P6, are normal output ports. At the reset state, 
this bit is set to “O”. 

See Figure 17 for more details. 

Clock ¢ output pin 

In normal conditions, the oscillator frequency divided 
by four is output as ¢. The timing output ¢is fixed “L” 
state when the timing output control bit (bit 1 of 
address OOEF,,) is set to “1”. But in this case, except 
the timing output is active. The timing output ¢ is output 
again when the timing output control bit is set to “O”. At 
reset state this bit is set to “O”. 

INT, pin : 

The INT, pin is an interrupt input pin. The INT, inter- 
rupt request bit (bit. 7 at address OOFE;,) is set to “1” 
when the input level of this pin changes from “H” to 
gear . 

INT» pin (P32/INT» pin) 2 

The INT» pin is an interrupt input pin used with P3,. To 
use this pin as an interrupt pin, set the corresponding 
bit in the directional register to input (“0”). When this 
signal level changes from “H” to “L”, the interrupt re- 
quest bit (bit 1 at address OOFE,,) is set to “1”. 

CNTR pin (P33/CNTR pin) . 

The P33/CNTR pin is an I/O pin of timer X. To use this 
pin as the timer X input pin, set the corresponding 
directional register bit to input (“0”). In the event coun- 
ter mode, CNTR becomes the input pin of the external 
pulse. In the pulse output mode, the CNTR output 
changes polarity each time the contents of timer X 
goes to “0”. In the pulse width measurement mode, the 
pulse to be measured is input to this pin. . 
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Ports PO, P1, P3, P4 


re =| N-channel open drain output 
4 















- Port latch 7 


Data bus 


‘Note 1 : Port P3 can be also used as |/O pin of serial I/O, timer I/O, and interrupt input. 


oe: Port P4 can be also used as analog input. 
Ports P2 





register ; 
j CMOS output 
' Data Bus — Port latch : 
Port P5 ! ; - | Input 
Port P5 
PWM N-channel open drain output 
| iI PWM 
Port Ee | N-channel open drain output 
Data bus Port latch a Port P6 
¢ i. 


a 


Fig.17 Block diagram of ports PO~P6 (single-chip mode), and output format of ¢. 
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PROCESSOR MODE 

By changing the contents of the processor mode bit (bit 0 
and 1 at address OOFF,,), four different operation modes 
can be selected; single-chip mode, memory expanding 
mode, microprocessor mode and evaluation chip (eva- 
chip) mode. In the memory expanding mode, microp- 
rocessor mode and eva-chip mode, ports PO~ P3 can be 


used as multiplexed !/O for address, data and control sig- 


nals, as well as the normal functions of the 1/O ports. 

Figure 19 shows the functions of ports PO~P3. 

The memory map for the single-chip mode is illustrated in 
Figure 1 and for other modes, in Figure 18. 

By connecting CNVss to Vss, all four modes can be 
selected through software by changing the processor mode 
bits. Connecting CNVsg to Vcc automatically forces the 
microcomputer into microprocessor mode. Supplying 10V to 
CNVsg places the microcomputer in the eva-chip mode. 
The four different modes are explained as follows: 


Internal ROM 


(Note 1) 
E800;, 


Memory expanding Eva-chip Microprocessor 
mode — mode mode 


Note 1 : D800,¢ for M50963-XXXSP 


The shaded area is external memory area. 





Fig.18 External memory area in processor mode 


(1) Single-chip mode on 
The microcomputer will automatically be in the single- 
chip mode when started. from reset, if CNVss is con- 
nected to Vss. Ports “oe P3 will work as engines I/O 
ports. 

(2) Memory expanding mode [01] 
The microcomputer will be placed in the memory ex- 
panding mode when CNVsgz is connected to Vsg and 
the processor mode bits are set to “01”. This mode is 
used to add external memory when the internal mem- 
ory is not sufficient. 
In this mode, port PO and port P1 are as a system 
address bus and the original I/O pin function is lost. P2 
becomes the data bus (D7~D,) and loses its normal !/ 
O functions. Pins P38, and P39 output the SYNC and R/ 

- W control signals, respectively. 

(3) Microprocessor mode [10] 
After connecting CNVss to Vcc and initiating a reset, 
the microcomputer will automatically default to this 
mode. With the exceptions that the internal ROM is 
disabled and that external memory must be attached in 
this mode, this mode is the same as the memory ex- 
panding mode. 

(4) Eva-chip mode (11) 
When 10V is supplied to CNVsg pin, the microcomputer 
is forced into the eva-chip mode. The main purpose of 
this mode is to evaluate ROM programs prior to mask- 
ing them into the microcomputer’s internal ROM. 
In this mode, the internal ROM is inhibited so the ex- 
ternal memory is requierd. . 
The lower 8 bits of address data for port PO is output 
when ¢goes to “H” state. When ¢goes to the “L” 
state, PO retains its original I/O functions. — 
Port P1’s higher 8 bits of address data are output when 
¢ goes to “H” state and as it changes back to the “L” 
state it retains its original I/O functions. Port P2 retains 
its original 1/O functions while ¢is at the “H” state, and 
works as a data bus of D7 ~ Dg (including instruction 
codé) while at the “L” state. Pins P3, and P3, output 
the SYNC and R/W control signals, respectively while 
¢ is in the “H” state. When in the “L” state, P3, and P35 
retain their original |/O function. 
The R/W output is used to read/write from/to the out- 
side. When this pin is in the “H” state, the CPU reads 
data, and when in the “L” state, the CPU writes data. 
The SYNC is a synchronous signal which goes to the 
“H” state when it fetches the OP CODE. . 
The relationship between the input level of CNVsg and 
the processor mode is shown in Table 2. . 
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Microprocessor 


Eva-chip mode ~ mode 


Port PO Ports P0;~P0, Ports P07~PO> — Ports P07;~P0, 


: Address 
Address 
x 1/O port Ar~ Ag 1/O port ok, 


Ports P17~P1p | Ports P17~P1, ae Ports Pi7~P1o 


Address Address 


Port P2 Ports P27~P25 — Ports P2;~P2) Ports P27~P2, 


Output Data ____/ Pata 


Ports P3,;~P3, Ports P3,~P3, : Ports P3;~P3, 


X 1/O port X /O port x I/O port : 


Port P3, Port P3, 


SYNC 1/O port SYNC 


Port P35 Port P35 


R/W X 1/O port J | : R/W 





Fig.19_ Processor mode and functions of ports PO~P3. 


Table 2 Relationship between CNVszg pin input level and processor mode 


Explanation 
* Single-chip mode The single-chip mode is set by the reset. 
* Memory expanding mode All modes can be selected by changing the processor mode bit with the program. 
* Eva-chip mode 
* Microprocessor mode 


* Eva-chip mode The microprocessor mode is set by the reset. . 
* Microprocessor mode Eva-chip mode can be also selected by changing the processor mode bit with the program. 


* Eva-chip mode . Eva-chip mode only. 
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CLOCK GENERATING CIRCUIT 

The built-in clock generating circuits are shown in Figure 
B2. | 

When the STP instruction is executed, the oscillation of in- 
ternal clock ¢is stopped in the “H” state. 

Also, the prescaler X and timer X are loaded with FF, and 
O1146, respectively. The oscillator (dividing by 16) is then 
connected to the prescaler input. This connection is 
cleared when timer X overflows or the reset is in, as dis- 
cussed in the timer section. 

The oscillator is restarted when an interrupt is accepted. 
However, the internal clock ¢keeps its “H” level until timer 
X overflows. 

This is because the oscillator needs a set-up period if a 
ceramic or a quartz crystal oscillator is used. 

When the WIT instruction is executed, the internal clock ¢ 
Stops in the “H” level but the oscillator continues running. 
This wait state is cleared when an interrupt is accepted. 
Since the oscillation does not stop, the next instructions are 
executed at once. | 


The circuit example using a ceramic oscillator (or a quartz 


crystal oscillator) is shown in Figure 20. 

The constant capacitance will differ depending on which 
oscillator is used, and should be set to the manufactures 
suggested value. 

The example of external clock usage is shown in Figure 21. 
Xin is the input, and Xgyrz is open. 


Interrupt 


request 
Interrupt AV) 
disable flag | at) 


Reset 


STP instruction R 
(option) 








Xin Xout 


pape LI 
O 


Fig.22 Block diagram of the clock generating circuit 
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Prescaler X 


Timer X count stop bit 


M50964-XXXSP 





Fig.20 External ceramic resonator circuit 


M50964-XXXSP 
Xin Xout 


External oscillating circuit 





Fig.21 External clock input circuit 







STP instruction 
(option) 










Internal clock¢ 










overflow 





2Ag3:.. 


MITSUBISHI MICROCOMPUTERS 


M50964-XXXSP/FP 
M50963-XXXSP/FP 


SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 





PROGRAMMING NOTES: | \ 

(1) The frequency ratio of the timer and the prescaler is 
1/(n+1). - = | 

(2) Even though the BBC and BBS instructions are ex- 
ecuted after the interrupt request bits are modified (by 
the program), those instructions are only valid for the 
contents before the modification. Also, at least one in- 
struction cycle must be used (such as a NOP) between 
the modification of the interrupt request bits and the 
execution of the BBC and BBS instructions. 

(3) Reading the timer and prescaler must be avoided 
while the input to the prescaler is changing. 

(4) After the ADC and SBC instructions are executed (in 
decimal mode), one instruction cycle (such as a NOP) 
is needed before the SEC, CLC, or CLD instructions 
are executed. | | 

(5) A NOP instruction must be used after the execution of 
a PLP instruction. | 

(6) Since the comparator consists of the capacitive cou- 
pled configuration, f(Xj)\). is needed larger than 1MHz 
during A-D conversion. And during A-D conversion, 
don’t use STP or WIT instruction. 


DATA REQUIRED FOR MASK ORDERING 
Please send the following data for mask orders. 

(1) mask ROM confirmation form 

(2) mark specification form 


(3) PRO IM Gata eee ee eect Gettsaans ann eecadretias EPROM 8sets 
Write the following option on the mask ROM confirmation 
form 


° STP instruction option 
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ABSOLUTE. MAXIMUM RATINGS 


Symbol Parameter 


Input voltage Xin 


PM ie tc Input voltage P29>~P27, P42~P47 

Input voltage POp~P07, Plo~P17, P39~P37 
py P49, P41, P5>~PSz, INT} 
Me all Input voltage CNVss, RESET 
Eve 


Output voltage P29~P27, P42.~P4,, Xour: ¢g, D-A - 


Vcc 

Vv; 

Vi 

Vi 

Vi 

Vo 

Output voltage P0p~P0;, Plp~P17, P3x~P37 : | 
. . P4y,; P41, P6g~P63, PWM | 

Pq | Powerdissipation Tats CtC“‘“‘iLSC*C*Cé#dTOOO(Nte 1) | = mW _ 

| Topr | Operatingtemperature | —“—™s—S—SSCC—S—STC OD 

| Tstg | Storagetemperaure Ci“ —“C—s‘“CS*sS*~*—s—s~sdSC (Nh | 


‘Note 1° 300mW for QFP types. 








Conditions a Ratings . 


=0.3~7 
























=, 3~Voc +0. 3 








With respect to Vss 
Output transistors cut-off 





—-0.3~13 


==0) 3~Voc +0. 3 








V 








RECOMMENDED OPERATING CONDITIONS (Vcc=5V+10%, Ta=—10~70T, unless Sieewiee fied) 


Symbol Parameter 


Supply voltage 


Supply voltage | | 

Reference voltage 

V 

“L” input voltage PQ9~P07, Plo ~P17, P29~P27 
V 
V 
V 


P39~ P37, P4o~ P47, P5o~P57 
__INT1, CNVsg, P6o 


ie — = | “L” input voltage RESET 
Vie = —— 4 “L” input voltage Xin 


: “L” peak output current PQgo~P07, Plop~P17 
lov(peak) P29~P2,7, P39~ P37 
P49 ~P47 (Note 3 J; 


“L” peak output current P6g>~P63 (Note 3 ) 
“L” peak output current PWM (Note 3 ) 


“L” average output current POgo~P07, Ptp~P17 
lov(avg) P29~P27, P39~P37 
P4o~P4z, (Note 2 ) 


“L” average output current PWM (Note 2 ) 
“H” peak output current P29~P27 (Note 3 ) 
“H” average output current P29>~P27 (Note 2 ) 


Note 2 : Average output current lo.(avg) and lon(avg) are the average value of a period of 100ms. 
3 : Total of “L” output current lo,, of ports PO, P1, P2, P3, P4, P6, and PWM is 80mA max. 
Total of “H” output current loy, of port P2 is 50mA max. 
4 : “H" input voltage of ports PO, P1, P3, P49~P43, P5, and INT; is available up to +12V. 


“H” input voltage POgo~P0;, Pl9o~P17, P29 ~P27 
P39~P3;, P4)~P47, P5o~P57 
INT;, RESET, Xin, CNVss, P69 





cc 
ss 
1H 
IL 
IL 
IL 
lor 
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ELECTRICAL CHARACTERISTICS (Vcc=5v, Vss=0V, Ta=25C, fcxjy)=4MHz, unless otherwise noted) 


Limits 
Symbol Parameter : Test conditions _Unit 
poms | Pam win. | Tye. | Max | 


“L" output voltage PQo~P07, Pl9~P17, P29~P27 . 
: loL=10mA ; 
P39~ P37, P4o~P4,, P6p~ P63 : 


Vor 
“L” output voltage #, PWM | 







Cvra—Wen[ Hysteresis NT; SCSC~=“*~*S*~“~*S*S*sSCSC“‘“‘CSSCSCSCSCSCSCSSCSCSCSC~‘* 
P Vreven [Hysteresis RESET SSC~“~*~*“‘—*~sSS*~“‘C*S*S*SCSC™C™C™C~C~* 
Verve | HysteresisXw SSSSCSC~C“~*S*S*S*SC~“‘~*tRCSC“‘“CSS™SC*S*SCSCS™CS~C~* 
“L” input current POg~P07, Plp~P17, P29~P2; 

P389~P37, P4g~P47, P5p~P57 

P69~P63, PWM . 

“H” input current POg~P07, P19p~P17, P39~P37 

P49~P43, P5p~P57, P6g~P6 3 Vi=12V 
PWM 
P4, 









o}9 
OTIN — — 1PM] BRO 


és 
o 
bce BS g Rg 


oRKon ron ronro) 
or} Or} W | w | w 
2 
on] — 


oO 
— 








> 





> 








“H” input current INT}, RESET, Xin, P29~P2;7 , 
hh pk V=5V 
RAM retention voltage | At clock stop 


f(xiy) =4MHz 
Square wave 


ss | 
- oO nO oOo 





=| 
> 


% Xour, and D-A pins 
opened, other pins at 
Vss, and A-D converter 
in the finished condi- 
tion. 






At clock stop 
Ta=25C 
At clock stop 
Ta=75C 


Supply current 


o 
g 
> 

















Limits 


| |_Min. | Typ. | Max. | 
{= | Resoution eee tC (it‘i;LSSCSC‘*dCE‘C(“(‘#$CSN Is ‘sits CC 
oy a ei 
Ladder resistance value Vrer= Veco ee ae es Se a ee 
| tconv | Conversiotime | —“‘*‘“S*S*srS~s‘“‘(RWSC(‘*CN:C SST iets 
: ee ae V 
Fe ea V 







(oo) 





jo) 


Reference input voltage a ee 
Analog input voltage | a ee [| Vrer | ov 





 D-A CONVERTER CHARACTERISTICS (Voc=5V, Vss=AVss=0V, Ta=25°, f(x,y)=4MHz, unless otherwise noted) 


Symbol Parameter Test conditions 
Typ. 








Pie cheated : 
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TIMING REQUIREMENTS | 
Single-chip Mode (Vcc=5V+10%, Vss=0V, Ta=25°C, fix,,)=4MHz, unless otherwise noted) 


Port P3 input setup time 
| 
Port P5 input setup time 
Port PO input hold time 


Port P1 input hold time 
Port P2 input hold time 


‘Limits 
Typ 












Unit 


NPM TM T,POThD 
SEIN DNDN SN 
O};O;O};O};O 


ine) 
SN 
(om) 


















20 
External clock input cycle time 

tr 

tf 





N 
a OL Oe Ede) N}]MIN 
a;/o;yo;]o O};O;oO 


ttl External clock rising edge time . 


N 
ol 





External clock falling edge time 


N 
ao 





Eva-chip MOde (Vcc=5V+410%, Vss=0V, Ta=25, fixiy)=4MHz, unless otherwise noted) 
Limits 


Symbol . Parameter . 
Typ. Max. 


Mi 
27 
270 
Tthissron [Por POinputhoitime —SSSSCSC~“~—“—*S*S*~—“—~*~*S*~*~*~S~—“~*~S*S*S~S SCS 
Pthisproy [Pot PtinputhoidtimeSSSCS~—~—SSCSCSSCS~‘CS*~C~*~YC‘ 
Port P2 input hold time 





Unit 





oO 






N 
oO 
=) 


pe) 
Oo 





, 
Oo 





Memory expanding mode and microprocessor mode 3 
(Voc=5V110%, Vss=OV, Tg=25T, f(x,y) =4MHz, unless otherwise noted) 


Port P2 input setup time 270 





Port P2 input hold time i a 
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SWITCHING CHARACTERISTICS 


Single-chip mode (Vcc=5V+10%, Vss=0V, Ta=25°C, fx, =4MHz, unless otherwise noted) 


Symbol 
Min. 


td(¢—poq) 


| Min. 
Fig.23 . 

om 

ee 

ei 

eed 


td(¢—p4aq) 


td(¢—p3a) 














Symbol 


[Port PY data ouput delay time 
[Port Pt data output delaytime SS 
Port 2 deta output delay me 
“Port P2 data output delaytime 
RAW signal oulput delay time SSS 
[RW signal output delay ime 


est conanions nt 


250 










NO] PM 
o;o 
ap 


pe) 
Oo 
Oo 


Port P1 address output delay time 
Port P1 data output delay time 
Port P1 data output delay time 
. Port P2 data output delay time 
Port P2 data output delay time 
R/W signal output delay time 
R/W signal output delay time 
Port P39 data output delay time . 
Port PS data outputdelaytime 


OMe) 
O;}O 
O;O 






Gd} Ww 
O!1}o 
oO;}oO 





NM] Po 
or; 01 
oO}; O 

















td(¢—P3,Q) Port P3, data output delay time 








Port P3, data output delay time 








‘Memory expanding mode and microprocessor mode 


(Vec=5V+10%, Vss=0V, Ta=25°C, fcx,,)=4MHz, unless otherwise noted) 
| Symbol . ' Parameter Test conditions 
Port PO address output delay time , 


Fig.23 | 
Port P1 address output delay time 
td(g—p2aQ) Port P2 data output delay time Fig.24 
Port P2 data output delay time 
SYNC signal output delay time 
















Fig.23 Ports PO, P1, P3, P4, and P6 test circuit Fig.24 Port P2 test circuit 
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TIMING DIAGRAMS 


In single-chip mode ¢ 
Port PO output 

Port PO input 

Port P1 output 

Port el input 

Port P2 output 

re P2 aul 

Port P3 output 

Port PS input 


Port P4 output 
Port P4 input 


Port P5 input 


Port P6 output 


f xi) 
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td (¢-poa) 


tsu (pop-¢) 














th '¢—Pop 
td (¢—praQ) 
tsu (e1D-¢) 
th s—Pip 
td (¢—-p2a0! 
> Gn 
tsu ip20-¢) ~—— 
— th e-P20 
td (¢—-p3aQ) 
NK | 
aa; _ = 
. th ¢—P3D 
td (¢—paq) 
tsy (P4D-— ¢) 
<——th s—papd | 
tsu (Ps0—¢) 


th (¢—Ps5D) 


td (e—Ppé6Q) 
2), a re 


tc 
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In eva-chip mode 


td (¢—-poa) td (¢—POAF) td ' ¢-Ppoar 





Port PO output 


td (¢—Poa: 


tsy / — ¢) 
Port PO input las td 


th ¢-pop 


(¢—P1A) td (¢—Pr1AF) - td ¢-pi0F 





Port P1 output >, aaa N 






td (g—Pia: 





tsu ‘pip—¢ 
Port P1 input 


eo th 1¢—P10 


<= td (¢—P20) (d—P2QF) 
Port P2 output 
| touneasar 
Port P2 input 


Port P3, output (R/W) — 


th (¢—p20° 









<— td (4-payaF 






($—SYNCF) td (¢—P3,0F° 


Y ome 


td (¢-P3,0) 
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In memory expanding mode and microprocessor mode 


Port PO output 


Port P1 output 


Port P2 output 


Port P2 input 


Port P39 output (R/W) 


Port P3, output (SYNC) 


FG 


oy 






td (¢—Poa) 


> Gr i) 


;, a eee) 


5 aE) | 


tsu (p2D- 4) 


th (¢—p20) 
- td (¢—R/w) 
a EA: 
Se eee, 





MITSUBISHI 7 _ 
ELECTRIC. | EG Mei 





oe * 7 a MITSUBISHI MICROCOMPUTERS 
PRELIMINARY §  +M37410M3-XXXFP 
‘proc “steam a Mi37410M4-XXXFP. 


SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 






DESCRIPTION : | : 
The M37410M3-XXXFP is a single-chip microcomputer de- PIN CONFIGURATION (TOP VIEW) 


signed with CMOS silicon gate technology. It is housed in a 
80-pin plastic molded QFP. This single-chip microcomputer 













is useful for business equipment and other consumer ap- SE oak sakes eh ee 1h ey 
ate —_ | Pee pee peep pact pepete 
plications. : DHADDNNDDNDDNDODNNDDDO 
In addition to its simple instruction set, the ROM, RAM, and ie. ee oe re OR AE aE Pi 
[/O addresses are placed on the same memory map to en- SEG,o/IN, +L is) -» COM, 
' SEGo/IN3 > 2 = COM, 
avle easy Progr ainnlng; | co | SEG. JIN, <= Be 
This microcomputer is also suitable for applications which | SEGo,/IN, + -—Viy 
; } SEG23/INo + aN 
require controlling LCDs. Veg = aye 
The differences between the M37410M3-XXXFP and the aaa nN me 
. cc rr as 
_ M37410M4-XXXFP are noted below. The following explana- P5;/PWM3 + [3 S + P2, 
pen is 6 P5./PWN2 + [10 = +* P2; 
tions apply to the M37410M3-XXXFP. Specification varia P’./PWM1 «+ [i © “+ PS, 
tions for other chips are noted accordingly. P54/PWMO ++ 2) aa] ++ P2, 
P53/SIG + < 148] ++ P2, 
P52/CNT>2 4] TI - P2, 
PSy/ONT, + I : a} ~o, 
P5)/INT; + [6 + Poe 





M37410M3-XXXFP 6144 bytes | 192 bytes 





P37/Sroy ** 144) ++ PQ. 
reson a 
‘i P34/Sin + at] > PO; 
DISTINCTIVE FEATURES ai 4 Cee egeeee 
@ Number of basic instructions:::s sree Lieiee balsas 6 69 bys 2 yo ge ZEYr ewe sonr egy 
: 92 92> yH% O>AGH8aAHAooAdAD 
@ Memory size . | & a rat x 
0) Ree 6144 bytes (M37410M3-XXXFP) oe 
8192 bytes (M37410M4-XXXFP) 
RAM-«++--*: eeeteeeeeeeeeeees 192 bytes (M37410M3-XXXFP) 
256 bytes (M37410M4-XXXFP) Outline 80P6S 
@ Instruction execution time 7 
at high-speed Mode vrrrrrrrteerteeteeetetetet settee teats 1us | 
at low-speed MOde wor tecet eter t eres ee ten nett cena tenes neeeees 4us APPLICATION 
@ Single power supply _ . Audio-visual equipment 
f( Xi) =8MHz shih Saute lateceigresbG 450; erviatee tra eyateriule erhievs, ol0la's Wa eeeete 45~5.5V esi Ont 
f( Xin) =2MHz es ols sgf6ie ia.wigScave/Ata Biorb vie wig ee ete Wales Wiviw gids’ weve 2 5~5.5V Camera 
@® Power dissipation 
normal operation mode (at 8MHz frequency) 
Gietntenbtnwudeagn an wole ciswtue ea Paw oats 30mW (Vec=5V, Typ.) 
low-speed operation mode (at 32kHz frequency for 
clock function) --:- daanneniieghasaenleds 54uW (Voc=3V, Typ.) 
@ RAM retention voltage (stop mode) 
| Y ” .s uaat decal guree meee kainate ea eeeron bantinegeen 2.0VSVram<5.5V 
® Subroutine nesting -------: serene seteeeeees 96levels (Max.) 
@ [te rruipt cheese eters ees err a Qtypes, 5vectors 
@ 8-bit timers: Sioa dvalet Biavare grave a elachialaw Sigs deiere erecareseieaeratee alee 4 
@ 16-bit timer ---:: 1 (Two 8-bit timers make one set) 
-@ Programmable I/O ports 
(Ports PO, P1, P2, P3, P4) edieldaia Secon ee gee see seit Sa Men 40 
@ Serial |/O (8-bit) 5a Rie eeiciave ait letw wie one sbraie aoe eiBinte vee Gielore wealets Gbiaes CR ieceie Ga 1. 
e A-D Converters scree sete ees Renee RR ene 8-bit, 8channel 
conversion speed (25us) 
@ LCD controller/driver (1/2, 1/3 bias, 1/2, 1/3, 1/4 duty) 
segment output:::**:--*-: sete eet eeeenes gheniies re ee 24 
- common (ol) | 6)0| Re eee ik ee eT 4 
@ Two clock generating circuits (One is for main clock, 
the other is for clock function) <- 
2502 | . . _MITSUBISHI 
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Note 1 





-M37410M3-XXXFP BLOCK DIAGRAM 


Mi. “eye INT; RESET ~ Voc Vee. AVas “Vaz CNVss 


Clock [| 














generating Processor 
circuit status Program | Program . 
register counter counter 
PS(8) PCH(8) | PC,(8) 












8-bit 










RAM 
256 bytes 






Index 
register 


Index 
register 









“and 
logical 










Accumulator 
A(8) 





> 8192 bytes.for M37410M4-XXXFP 








\[ es) 
eaters ab bs Si 
Segment output(24) SEG Common Power supply “W/O port Pt port Pt 
SEG output for LCD | 
COM 


Control signal 


tet 















PoO( | po(s) | 


SOOLOUES 
“W/O port PO port PO 


YALNdMWODOUDIW SOWD LIS-8 dIHd-3TONIS 


dAXXX-VINOTPZEW 
diAXXX-eWOTyZelW 
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Instruction excution time a 1us (minimum instructions, at 8MHz frequency). - 


Clock frequency 8MHz (at Voc=5V+10%) 


ROM 6144bytes (8192bytes for M37410M4-XXXFP) 
RAM 


FUNCTIONS OF M37410M3-XXXFP° : 





: 

Timers 8-bit timerx4 
Common output 4 . ‘ 7 
24 (SEG12~SEG23 are in common with port P4) . | 


Memory size 











Input/Output port 





















LCD controller/driver 








| 


80-pin plastic molded QFP 








MITSUBISHI 
eros? x r. < | ELECTRIC 


MITSUBISHI MICROCOMPUTERS 


M37410M3-XXXFP 
M37410M4-XXXFP 


SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 





PIN DESCRIPTION 


Input/ 
* Output 


Functions 


Vcc Supply voltage - 
Vss 


~~ 


Reference voltage 


Power supply inputs 5V+10% to Vcc, and OV to Vgs. 


This is connect to Vss. 


To enter the reset state, the reset input pin must be kept at a “L” for more than 16s (under normal Voc 
conditions). If more time is needed for the crystal oscillator to stabilize, this “L” condition should be main- 
tained for the required time. . 












These are I/O pins of internal clock generating circuit for main clock. To control generating frequency, an 
external ceramic or a quartz crystal oscillator is connected between the Xjy and Xour pins. If an external 
clock is used, the clock source should be connected the Xiy pin and the Xourz pin should be left open. 


This is the highest order interrupt input pin. 


This is GND input pin for the A-D converters. 


VReEF This is reference voltage input pin for the A-D converters. 






input 


PO ™P0O7 | I/O port PO Port PO is an 8-bit I/O port with directional registers allowing each I/O bit to be individually programmed as 
| input or output. At reset, this port is set to input mode. The output structure is CMOS output. ; 
Pto~P17 | I/O port P1 - 0 Port P1 is an 8-bit 1/O port and has basically the same functions as port PO, but the output structure is N-ch 
open drain. 
P29~~P27 | I/O port P2 1/0 Port P2 is an 8-bit !/O port and has basically the same functions as port PO and also works as the key on 
. wake up function with mask option. 


P3o~P37 | 1/0 port P3 





= 
Oo 


1/0 Port P3 is an 8-bit I/O port and has basically the same functions as port P1. When serial I/O is used, P37, 
P3., P35, and P3, work as Srapy, CLK, Sour, and Sin pins, respectively. Also P33, P32, P3;, and P39 work as 
timer. 4 overflow signal divided by 2 output pin (T), INT2 pin, Xcin and Xcour pins, respectively. 













SEG 2/P43 | Segment output 





Output SEG12~SEG 5 work as input port P4 and also used by 2-bit unit as LCD segment output. 


§ /Input port P4 / 
SEG 5/P4o Input 
P55~P57 | 1/0 port P5 1/O Port P5 is an 8-bit I/O port and has basically the same function as P1. P59, P5;, P52 and P53 are in common 


with INT3, timer3 input, timerS input and A-D trigger input respectively. P54~ P57 are also in common with 
PWM0~PWMs. 


Voltage input for LCD 


Vu 


\ 
< 
- 
w 


These are voltage input pins for LCD. Supply voltage as OVSVi1SVi2eSVisSVcc. O~ Vi3V is supplied to 
LCD. . 





These are LCD common output pins. At 1/2 duty, COM2 and COMsz pins are not used. At 1/3 duty, COMsg is 


COMo~ _ | Common output 
COMs3 not used. 
SEGo~ These are LCD segment output pins. 


SEG 


Segment output Output 








SEGi.6/IN7z | Segment output SEGig~SEGo3 work as analog input pins IN7z~INo. 


§ /Analog input SEGie~SEGiq are used by 2-bit unit and SEG29~SEGg3 by 4-bit unit. 
SEGo3/INo 
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BASIC FUNCTION BLOCKS 


MEMORY | ~ of 

A memory map for the M37410M3-XXXFP is shown in 
Figure1. Addresses 2800;, to 3FFFig are assigned for the 
built-ROM area which consists of 6144 byes (Addresses 
2000,, to 3FFFig are assigned for the built-in ROM area 


which consists of 8192 bytes for M37410M4-XXXFP) .- 


Addresses 3F00;, to 3FFF;, are a special address area 
(special page). By using the special page addressing 
mode of JSR instruction, subroutines addressed on this 
_ page can be called with only 2bytes. Addresses 3FF4j. to 
SFFF,, are vector addresses used for reset and interrupts 


RAM 
(192 bytes) 


RAM OOBF 16 


for 
zero page. LCD | O0CB:¢ 
(12 bytes) 


OOE016 


RAM 010046 


(64 bytes) 
for 
M37410M4 013F i¢ 

-~XXXFP ~ 


200016 


280016 


3F0046 


ROM 
(8192 bytes) ROM 


for (6144 bytes) 
M37410M4-XXXFP Special 
page 
for 
subroutine 


Call 


for 
M37410M3- 
XXXFP 


Fig. 1 Memory map 





(see interrupts chapter) . Addresses 0000;, to OOFF.,, are 
the zero page address area. By using zero pege addres- 
sing mode, this area can also be accessed with 2 bytes. 
The: use of these addressing methods will greatly reduce 
the object size required. | | 

The RAM, I/O port, timer, etc. addresses are already 
assigned for the Zero Page. Addresses 0000, to OOBF;, 
are assigned for the built-in RAM which consists of 192 
bytes (Addresses 0000; to OOBFig and 0100;5 to 013F i¢ 
are assigned for the built-in RAM which consists of 256. 
bytes for M37410M4-XXXFP). This RAM is used as the 
stack during subroutine calls and interrups, in addition to 
data storage. 


Decimal 
0 


| / O0EOre 


O0E146 Port PO cae 
00E2,6 Port P1 


OOE3i¢ Port Pi 
00E44. Port P2 


directional 
register 


’ 


directional 


O0E5i¢ Port P2- register 
0068,,{ Paar 
00E9,,| Port P3  “rgstiona 
OOEAie{PortP4 
OOEB:6|| distinguish register 1_| 
ODEC;s|PortP5 


OOEE4, 
OOEF;. 
OOFO16 


P2 Key on wakeup registe 
A-D register 

nterrupt reques 
distinguish register 2 


O0ED,,| Port P5  fegistor 


Address L 
Address H 


‘ Address L : : 

TimerSorINTz —\ 
Address L 

INTs or Key on wake up \ 


Address L 
Address H 


Address 
Address H INT, 
Address , DerocTr 
RESET 





00F 11 
O0F24¢ [ AD control egiater_| 
00F 3 
00F 4 
OOF 5 


OOF 6i¢ | Serial 1/0 mode register 
0OF71¢ } Serial I/O register 


OOF8,, | Timer 4, 5 mode register 
00F 946 
O0FAre 
OOFBis 
00F Ci. 
00FDi« 
\ O0FEs 


OOFF,,¢]| Timer control register 


Timer 6 or A-D 


Serial 1/0 or timer 2 \ 





16383 
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CENTRAL PROCESSING UNIT (CPU) 


The CPU consists of 6 registers and is shown inFigure2. 


ACCUMULATOR (A) 
The 8-bit accumulator (A) is the main register of the micro- 
computer. Date operations such as data transfer. input/out- 
put, etc., is executed mainly through the accumulator. 


Accumulator 


Index register X 


Index register Y 


Stack pointer 


19 


PC, (Note) Program counter 





Note : PC, uses 6 bits only. 


Fig. 2 Register structure 


INDEX REGISTER X (X) 

The index register X is an 8-bit register. In the index regis- 
ter X addressing mode, the value of theOPERAND added 
to the contents of the index register X specifies the real 
address. When the T flag in the processors status register 
is set to “1”, the index register X itself becomes the 


' address for the second OPERAND. 


INDEX REGISTER Y (Y) 

The index register Y is an 8-bit register. In the index regis- 
ter Y addressing mode, the value of the OPERAND added 
to the contents of the index register Y specifies the real 
address. 


7 | 0 : 
wfv|rfelojifzto Processor status register 


Carry flag 

Zero flag 

Interrupt disable flag 
Decimal mode flag 
Break flag 


Index X mode flag 


Overflow flag 


Negative flag 
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STACK POINTER (S) 

The stack pointer is an 8-bit register that contains the 
address of the next location in the stack. It is mainly used 
during interrupts and subroutine calls. The stack pointer is 
not automatically initialized after reset and should be initial- 
ized by the program using the TXS instruction. 

-When an interrupt occurs, the higher 8-bit of the program 
counter is pushed into the stack first, the stack pointer is 
decremented, and then the lower 8-bits of the program 
counter is pushed into the stack. Next the contents of the 
processor status register is pushed into the stack. When 

the return from interrupt instruction (RTI) is executed, the 
program counter and processor status register data is pop- 
ped off the stack in reverse order from above. | 
The accumulator is never pushed into the stack automati- 
cally, so a Push Accumulator instruction (PHA) is provided 
to execute this function. Restoring the Accumulator to its 
previous value is accomplished by the Pop Accumulator in- 
struction (PLA) . It is executed in the revese order of the 
PHA instruction. 7 | | 
The contents of the Processor Status Register (PS) are 
pushed and popped to and from the stack with the PHP 
and PLP instructions, respectively. — | 
During a subroutine call, only the program Counter is 
pushed into the stack. Therefore, any registers that should 
not be destroyed should be pused into the stack manually. 
To return from a subroutine call, the RTS instruction is 
used. | 


PROGRAM COUNTER (PC) 
‘The 16-bit program counter consists of two 8-bit registers 
PCy and PC_. The program counter is used to indicate the 
address of the next instruction to be executed. 
PCy is used 6 bits. 


PROCESSOR STATUS REGISTER (PS) 

The 8-bit PS is composed entirely of flags used to indicate 
the condition of the processor immediately after an opera- 
tion. Branch operations can be performed by testing the 
Carry flags (C) , Zero flag (Z), Overflow fag (V) or the 
Negative flag (N) . Each bit of the register is explained 
below. - 3 


1. Carry flag (C) 


The carry flag contains the carry or borrow generated by 


the Arithmetic Logic Unit (ALU) immediately after an op- 
eration. It is also changed by the shift and rotate instruc- 
tions. The set carry (SEC) and clear carry (CLC) instruc- 
tions allow direct access for setting clearing this flag. 


2. Zero flag (Z) 

_This flag is used to indicate if the immediated operation 
generated a zero result or not. If the result is zero, the zero 
flag will be set to “OQ”. If the result is not zero, the zero flag 
will be set to “1”. 


3. Interrupt disable flag (I) : 

This flag is used to disable all interrupts This is accom- 
plished by setting the flag to “1”. When an interrupt is 
accepted, this flag is automatically set to“1” to prevent from 
other interrupts until the current interrupt is completed. The 
SEI and CLI instructions are used to set and clear this flag, 


respectively. 


4. Decimal mode flag (D) 
The decimal mode flag is used to define whether addition 
and subtraction are executed in binary or decimal. lf the 


decimal mode flag is set to “1”, the operations: are ex- 


ecuted in decimal, if the flag is “0”, the operations are ex- 
ecuted in binary. Decimal correction is automatically ex- 
ected. The SED and CLD instructions are used to set and 
clear this flag, respectively. | 


5. Break flag (B) 

When the BRK instruction is executed, the same operations 
are preformed as in an interrupt. The address of the inter- 
rupt vector of the BRK instruction is the same as that of the 
lowest priority interrupt. The contents of the B flag can be 
checked to determine which condition caused the interrupt. 
If the BRK instruction caused the interrupt, the B flag will 
be “1”, otherwise, it will be“0”. 


6. Index X mode flag (T) 
When the T flag is “1”, operations between memories are _ 
executed directly, without passing through the accumulator. 
Operations between memories involving the accumulator 
are executed when the T flag is “0” (i.e., operation results 
between memories 1 and 2 are stored in the accumulator). 
The address of memory 1 is specified by the contents of 


‘the index register X, and that of memory 2 is specified by 


the normal addressing mode. The SET and CLT instructions 
are used to set and clear the T flag, respectively. 


7. Overflow flag (V) 

The overflow flag functions when one byte is added or sub- 
tracted as a singed binary number. When the result ex- 
ceeds+127 or —128, the overflow flag is set to “1”. When 
the BIT instruction is executed, bit 6 of the memory location 
is input to the V flag. The overflow flag is reset by the CLV 
instruction and there is no set instruction. 


8. Negative flag (N) 
The negative flag is set whenever the result of a data trans- _ 
fer or operation is negative (bit 7 is “1”). Whenever the BIT 
instruction is executed, bit 7 of the memory location is input 
to the N flag. There are no instructions for directly setting o 
resetting the N flag. ; 
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INTERRUPT 
The M37410M3-XXXFP can be interrupted from ten sources; 
INT,, Timer 2 or Serial 1/O, INT3 or Key on wake up, INT» 


The interrupt request bits are set when the following condi- 
tions occur: 
(1) When the INT,, INT. or INT; pins go from “H” to “L” or 


or Timer 3, Timer 6 or A-D, and BRK instruction. | gs ees (9 Talo | 
“Key on wake up” can only be used at power down state by (2) When the levels any pin of P2 goes “L”(at power down 
STP instruction or WIT instruction. When one of the P2 is mode) 


“L", an interrupt occurs. 

These interrupts are vectored and their priorities are shown 
in Table 1. Reset is included in this table since it has the 
same function as an interrupt. 

When an interrupt is accepted, the contents of certain reg- 
isters are pushed into specified locations, as discussed in 
the stack pointer section, and the interrupt disable flag (1) 
is set, and the program jumps to the address specified by 
the interrupt vector, and the interrupt request bit of the in- 
terrupt control register or timer control register is cleared 
automatically. The reset interrupt is the highest priority in- 
_ terrupt and can never be inhibited. Except for the reset in- 
terrupt, all interrupts are inhibited when the interrupt dis- 
able flag is set to “1”. All of the other interrupts can further 
be controlled individually via the interrupt control register 
shown in Figure 3. An interrupt is accepted when the inter- 
rupt enable bit and the interrupt request bit are both “1” 
and the interrupt disable flag is “0”. 


7 0 
SRR ERRRED 


(3. When the contents of timer 2, timer 3, timer 6 or the 
counter of serial I/O goes “O” 

When the two interrupt requests, which are the same prior- 
ity and are at the same sampling, the priority process is 
processed by interrupt request distinguish register 1 and 2. 
These request bits can be reset by a program but can not 
be set. Since the BRK instruction interrupt and the timer6 
or A-D, interrupt have the same vectored address, the con- 
tents of the B flag must be checked to determine if the 
BRK instruction caused the interrupt or if timer 6 or A-D 
generated the interrupt. 


Table 1. Interrupt vector address and priority. 


















INTs or key on wake up SFF916, SFF8i¢ 
INT. or timer 3 SFF716, 3FF6i6 
Timer6 or A-D (BRK) | | 6 ——s|_—s 8 FFS:6, 3F F416 


Interrupt request distinguish register 1 (00EB,, address) 


Bit 7 : 
Bit6 : 
Bit 5 : 
Bit4 : 
Bit3 : 
Bit2 : 
Bitl: 
BitO: 


sie JU 
Key on wake up register ‘ 


(QOEE,,g address) 7 0 


ERR ERA ee eRe eee 

po el ae] Bits : 
Bit4: 
Bit3 : 
Bit2: 
Bit 1: 
BitO: 





Serial 1/0 interrupt request bit 
Serial I/O interrupt enable bit 
Timer 2 interrupt request bit 
Timer 2 interrupt enable bit 
INT2 interrupt request bit 
INT, interrupt enable bit 
Timer 3 interrupt request bit 
Timer 3 interrupt enable bit 


Interrupt request distinguish register 2 (0OFOi6 address) 


INT3 interrupt request bit 
INT; interrupt enable bit 
A-D interrupt request bit 
A-D interrupt enable bit 
Timer 6 interrupt request bit 
Timer 6 interrupt enable bit 


Interrupt control register (OOFE,, address) 


Bit 7 of timer control register 


Bit7 : INT, interrupt request bit 


Bit6 
Bit5 
Bit 4 
C | Bit 3 
Bit2 
Bit 1 


- INT, interrupt enable bit 

: INT; or key on wake up interrupt request bit 
: INT; or key on wake up interrupt enable bit 
. INT, or timer 3 interrupt request bit 

- INT2 or timer 3 interrupt enable bit 

: Timer 6 or A-D interrupt request bit 


7 0 
lee ee 


Interrupt : 
aaa C | Interrupt disable flag | 


Fig. 3 Interrupt control 





BitO : Timer 6 or A-D interrupt enable bit 


Timer control register (OOFF,, Address) 
Bit 7 : Serial 1/O or timer 2 interrupt request bit 
Bit 6 : Serial |/O or timer 2 interrupt enable bit 
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TIMER i 7 — 

_ The M37410M3-XXXFP has six timers; timer 1, timer 2, tim- 
er 3, timer 4, timer 5 and timer 6. 

A block diagram of timer1 through 6 is shown in Figure 4. 
The count source for timer 1 through 3 can be selected by 


using bit 2, 3, 4 and 5 of the timer control-register (address 


OOFF,.), as shown in Figure 5. All of the timers are down 
count timers and have 8-bit latches. When a timer reaches 
“0” and the next count pulse is input to a timer, the con- 
tents of the reload latch are loaded into the timer. The divi- 
sion ratio of the timer is 1/(n-+1), where n is the contents 
of timer latch. 


Timer 2, 3 and 6 has interrupt generating functions. The — 
timer interrupt request bit which is in the interrupt disting- | 


uish register 1 or 2 (located. at addresses O0EB,, and 
OOF0,, respectively) is set at the next count pulse after the 
timer reaches “0” (see interrupt section). 

The starting and stopping of timer1 is controlled by bit 7 of 
the interrupt distinguish register 2, timer 3 by bit 6 of the in- 
‘terrupt distinguish register 2 and timer 4 by bit 3 of timer 4, 


5 and 6 mode register (00F8,,¢ address). If the correspond- 


ing bit is “O”. the timer starts counting, and the correspond- 
ing bit is “1”, the timer stops. The timer4 overflow signal di- 
vided by 2 can be outputed from port P33 by setting the bit 
4 of the serial |/O mode register (O0F6,, address) to “1”. 

Timer 5 and 6 work as timer mode, event counter mode 


and PWM made by changing the contents of bit 5 and bit 6. 


of the timer 4, 5 and 6 mode register. 

(1) Timer Mode | 

This mode is the 16-bit timer, and the count source is ¢/4. 
When the bit 6 of PWM control register (O0F3,,_ address) is 
“1", the timer6 overflow singnal divided by 2 is output from 
CNT» pin (common with P5,). 

(2) Event Counter Mode 

The count source is input from the CNT pin. The count de- 
cremented each time the input goes from “L” to “H”. 

(3) PWM Mode | 

As shown in Figure 7, the output wave is controlled by the 
contents of the timer latch of timer 5 and 6. 

PWM output can choose among PWMO, PWM1, PWM2 and 
PWM3 by bit 0, bit 1, bit 2 and bit 3 of PWM control reg- 
ister. | 

When the count value of all timers, from timer. 1 to timer 6, 
are read, be careful not to change the input source. 

When the count source is inputed from the external pin, the 
minimum pluse width should be 8us. 

After a STP instruction is executed, timer 2, timer 1, and the 
clock (¢divided by 4) are connected in series (regardless 
of the status of bit 2 through 5 of the timer control register). 
This state is canceled if timer2 interrupt request bit is set to 
“1”, or if the system is reset. Before the STP instruction is 
executed, bit 7 of the interrupt distinguish register2 (timer 
- count stop bit), bit 5 of the interrupt distinguish register, 


and bit 6 of the timer control register must be set to “0” - 


(prohibition) . And also bit 4 of the interrupt distinguish 
register1 must be set to “1”. For more details on the STP 
instruction, refer to the oscillation circuit section. 
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Data bus 


x 

on O Timer 1 latch (8) tee 

verflow flag 

Xin O a Timer 1 (8) 4 a LCDCK 
Lay i 


Select gate : at reset, shaded side is connected. 
sae, a 
: Interrupt request distinguish register 2 
: Timer control register 
: Timer 4, 5, 6 mode register 
: PWM control register 
: Serial |/O mode register 


. @ > imer 3 (8) Timer 3 interrupt request bit. 
pares Daa | 
P36/Scix ea 2 | | 


A a Serial 1/O interrupt request bit 


Timer 2 interrupt request bit 


SM, SMo SMo2 


P35/Sout 4 E 


P3,/Sin SM 
3 


P37/Sroy <q 


Overflow flag 


P52/CNT2 


Timer 6 latch (8) z . 
- Timer 6 (8) Timer 6 interrupt] . 
al request bit 


P5,/PWMO 
P5;/PWM1 


P5¢/PWM2 





P57;/PWM3 


Fig. 4 Block diagram of timer 1 through 6 
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7 : 0 | 
TITEL TT | isc 


Processor mode bit 
00 : Single-chip mode 
O01 :Notused — 
10 : Not used 
11 : Not used 


Timer 1 count source selection bit 
0: ¢divided by 4 
1 : Timer for clock (Xen) 


Timer 2 count source selection bit 
0 : Timer 1 overflow 
1: Timer for clock (Xen) 


Timer 3 count source'selection bit 
00 : ¢divided by 4 
01 : Timer 2 overflow 
10 : CNT; input 
Serial 1/O or timer 2 interrupt enable bit 
0 : Interrupt inhibit | 
1 : Interrupt enable 





Serial 1/O or timer 2 interrupt request bit 
0 : No interrupt request 
1 : With interrupt request 





Fig. 5 Structure of timer control register . 


7 | 0 | 
Reese tee Timer 4,5,6 mode register 
, (Address 00F8i.) 
INT, input polarity selection bit 
0 : Interrupt request by falling edge 
1 : Interrupt request by rising edge 
INT. input polarity selection bit 
0 : Interrupt request by falling edge 
1: Interrupt request by rising edge 
INT3 input polarity selection bit 
Q: Interrupt request by falling edge 
1 : Interrupt request by rising edge 


Timer 4 count stop bit 
0 : Count start 


1 : Count stop 
Timer 4 overflow bit 
0 : No timer 4 overflow 


1 : With timer 4 overflow 
Timer 5,6 mode bit 


00: Timer mode 
01 : Event counter mode ; | 
10 : Pulse width measurement mode (count source ¢/4) 


11 : Pulse width measurement mode (count source is overflow of timer 4) 
Timer 5,6 count stop. bit 


0 : Count start 
1 : Count stop 





Fig. 6 Structure of timer 4,5,6 mode register 
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PWM | Figure 6 shows the structure of timer 4,5,6 mode register, 
M37410M3-XXXFP has a pulse width modulated (PWM) Figure 7 shows the PWM rectangular wave form and Figure 
output control circuit connecting with timer5 and timer6. 8 shows the structure of PWM control register. 


PWM 


f 0 
Lee dee th es PWM control register _ 
| ( 


OOF3,, address) 


wave form ;timer6|__ timer 5 
timer 5--timer 6 


Fig. 7 PWM rectangular wave form 


P5,/PWMO selection bit 
0: P5, 
1 > PWMO 
P5;/PWM1 selection bit 
0: P5; 
1: PWM1 
P5./PWM2 selection bit 
0: P56 
1: PWM2 





P5,/PWMB selection bit - 


0: P57 
1 > PWM3 
P53/SIG selection bit 
0: P53 
1: SIG 
Timer 1 overflow flag 


P5./CNT> selection bit 
0: P5, 
1: CNT. 





Fig. 8 Sturcture of PWM control register 
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SERIAL |/O 


The block diagram of serial I/O is shown in Figure 9. In the 


serial |/O mode the receive ready signal (Sapy), synchro-. 


nous input/output clock (CLK). and the serial I/O (Sour, 
Sin) pins are used as P37, P3g, P35, and P3,, respectively. 


The serial 1/O mode register (address 00F6,,) is an 8-bit | 


- (11), the internal clock ¢ divided by 4 becomes the clock. 


Bits 2 and 3.decide whether parts of P3 will be used as a 
serial 1/O or not. When bit 2 is “1”, P38, becomes an I/O pin 
of the synchronous clock. When an internal synchronous 
clock is selected, the clock is output from P3.. If the exter- 
nal synchronous clock is selected, the clock is input to P3x.. 


-And P3s; will be a serial output and P3, will be a serial in- 
put. To use P3, as a serial input, set the directional register 
bit which corresponds to P3,, to “0”. For more information 
on the directional register, refer to the I/O pin section. 

To use the serial 1/O, bit 2 needs to be set to “1”, if it is “0” 
P3, will function as a normal I/O. Bit 3 determines if P3, is 


register. Bit 1 and 0 of this register is used to select a syn- 
chronous clock source. When these bits are (00) or (01), 
an external clock from P3, is selected. When these bits are 
(10) , the overflow signal divided by two from timer 3 be- 
comes the synchronous clock. Therefore, changing the tim- 
er period will change the transfer speed. When the bits are 


Divider 
Internal 
clock ? 
From internal clock 


divided by 4 or 
timer 2 


Timer 3 (8) 


(Address 00FB;¢) 


Interrupt request 


Prescaler distinguish register 1 


Interrupt request 
distinguish register 1 


z Serial I/O counter =) 


Transfer clock 


= MSB Seriai I/O register (8) LSB : 


(Address 00F74¢) 11 


- Data bus 


al Serial I/O mode register 
(Address O0F6,,) 


Synchronous clock selection bit 

00: 

01: 

10 : Timer 3 overflow signal divided by 2 
11° Timing ¢ divided by 4 


External clock 


Serial I/O port selection bit (P35, P3,) 
0 * Normal I/O port 
1 = Serial I/O port 


Srpy signal output selection bit (P3-,) 
0 > Normal |/O port 
12 Sppy signal output pin 





Fig. 9 Block diagram of serial I/O 
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used as an output pin for the receive data ready signal (bit 
3="1", Sapy) or used as a nomal I/O pin (bit 3=“0"). 

The function of serial 1/O differs depending on the clock 
source; external clock or internal clock. 

Internal clock — The Sppy signal becomes “H” during trans- 
mission or while dummy data is stored in the serial I/O reg- 
ister. After the falling edge of write signal, the Sppy signal 
becomes low signaling that the M37410M3-XXXFP is ready 
to receive the external serial data. The Srpy signal goes 
“H” at the next falling edge of the transfer clock. The serial 
I/O counter is set to 7 when data is stored in the serial I/O 
register. At each falling edge of the transfer clock, serial 
data is output to P3;5. During the rising edge of this clock, 
data can be input from P38, and the data in the serial |/O 











register will be shifted 1 bit. Data is output starting with the 
LSB. After the transfer clock has counted 8 times, the serial 
I/O register will be empty and the transfer clock will remain 
at a high level. At this time the interrupt request bit will be 
set. . 

External Clock — If an external clock is used, the interrupt 
request bit will be set after the transfer clock has counted 8 
times but the transfer clock will not stop. Due to this 
reason, the external clock must be controlled from the out- 


‘side. The external clock should not exceed 250kHz at a 


duty cycle of 50%. ' 
Timing diagrams are shown in Figure 10, and connection 
between two M37410M3-XXXFP’s are shown in Figure 11. 


Sine eal ee ee Lee 


Transfer clock 


Serial I/O register write 
signal 

Serial 1/O output 

Sout 

Serial 1/O output 


Sout 
Receivable signal 


Srpy 





Fig. 10 Serial I/O timing 


(82 XB XOX Ps XO X_ Os KOs) 
> G® Gt SS Se a aS 


Interrupt request bit set . 
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Sending side Receiving side 
Serial 1/O mode register Serial 1/0 mode register 


bit 3 bit 0 | | bit 3 bit 0 


oti fi] ol] : ifijolx) 
Set the directional irecti 

; ‘ P38, Synchronous clock P3, ds me elrectional 
register for P37 pin register for P3, pin 
in input mode. in input mode. 


P3,- Serial data P34 





Fig. 11 Example of serial 1/O connection 





: | | 0 
Pipes eel lcs ll eave eas 


(OOF6,, address) 























Synchronous clock selection bit 


ue ; External clock 
01: 
10 : Timer 3 overflow signal divided by 2 


11: Timing ¢ divided by 4 





Serial |/O port selection bit (P35, P3.) 
0 : Normal I/O port 
1: Serial 1/O port 

Sapy signal output selection bit (P3,) 
0 : Normal I/O port 
1: Sapy signal output pin 

T/P33 selection bit 
0: Normal I/O port 
er 

— Xen, Xcour/P3o, P3, selection bit 

0 : Normal I/O port 
1: Xcin, Xcout 

Unsystem clock operation bit 
0: HALT 
1 : Operation 

INT, input level 





Fig. 12 Structure of serial |/O mode register 





MITSUBISHI = 
eee | are ELECTRIC . 


SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 


MITSUBISHI MICROCOMPUTERS 


M37410M3-XXXFP 
M37410M4-XXXFP 





LCD CONTROLLER/DRIVER 

The M37410M3-XXXFP has internal LCD controllers and 
drivers. A Block Diagram of LCD circuit is shown in Figure 
15. The terminals for LCD consist of 4 common-pin and 24 
segment-pin. SEG;2~ SEG;s5 are in common with input P4. 
Also SEG;g~SEGo3 are in common with INo~IN7.These are 
selected by bit 3~7 of the LCD segment control register 
(OO0F4,, address). Two biases (1/2 andi/3) can also be 
selected. When bit 2 of the LCD mode register is “1”, 1/2 
bias is selected. When bit 2 is “0”, 1/3 bias is selected. 
1,1/2,1/8, or 1/4 duty cycle can also be selected. When 


bits 0 and 1 of the LCD mode register (LMo, LM,) is n, the 


Address ae te 





Tes Po Po] 
Tea [at [at Par [at [20 | 20 [2020 
es Pas tasta testo te tele 


* Number in data memory area indicates corresponding segment. 


Fig. 13 Map of RAM for LCD segment 





duty ratio is 1/(n-+1). 

Address 00C0;, ~~ OOCBi, is the designated RAM for the 
LCD display. When 1s’ are written to these addresses, the 
corresponding segments of the ‘LCD display panel are 
turned on. A map of the LCD display RAM is shown in Fi- 
gure 13. 

The ON/OFF function for the LCD controller is controlled 
by bit 3 of the LCD mode register (LM3). When this bit is 
“1” all the segments of the LCD are turned on. When this 
bit is “O” all the segments are turned off. 

The structure of the LCD mode register i is shown in Figure 
14. 


7 0 . 
TTT LT TT J sere ie 
ie (OOF5,, address) 
Duty ratio selection bit 
00 :1/1 duty © 
01 : 1/2 duty 


0: 1/3 duty 


1: 1/4 duty 
Bias selection bit 


0: 1/3 bias 
1: 1/2 bias 


LCD turn on bit 


0: Off 
1: On 
Xour/SYNC selection bit 
0: Xour 
1: SYNC. 
System clock ¢ selection bit 
00 : Xin/16 
01 : Xin/4 
10 = Xein/2 (back to Xin/16) 
11 = Xew/2 (back to Xin/4) 
External A-D start enable bit 
0: Inhibit 
1: Enable 


Fig. 14 Structure of LCD mode register 
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A-D CONVERTER 

The A-D converter circuit is shown in Figure 16. The analog 
input ports of the A-D converter (INg~IN7) are in common 
with in the input ports of the data bus. 

The segment control register is located at address O0F4,.. 
One of the eight analog inputs is selected by bits 0, 1 and 
2 of this register. The IN pins, not to use as analog input, 
uses as LCD segment output. 

Bit 0, 1 and 2, and corresponding to analog input pin is 
shown in Figure 17. A-D conversion is accomplished by first 
selecting bit 0 and 1 of the A-D control register (address 
OOF2,,) for the source of Vage. And also the analog input 
pin is chosen by the analog input select bit of the segment 
control register. A-D conversion starts by writing a dummy 
data to the A-D register (address OOEF,,) or changing the 
input level from SIG pin “H” to “L”. When A-D conversion is 
finished, an interrupt is generated. After A-D interrupt is 
accepted, the result of A-D conversion can be read from 
the A-D register. 


; Data bus 


Segment control register 
(00F4,, address) 


= 
i) 
= 
= 
a 
D 
2 
S 
© 
x 
2 
a 
£ 
E 
5 
= 
Cc 
© 
pom 
S 
©o 


7 0 : 
CTL TL Jem 





(00F4,, address) 


Analog input selection bit 

000 : INo 100 : IN, 

001 : IN, 101 2 INs 

010: IN» 110 2 IN, 

011° IN 111° IN, 

SEG23~ SEG a9/INo~INg selection bit 

0? INo~INg 

1° SEGo3~SEGa9 


SEGi9, SEG12/IN4, INs selection bit 


0° INg, INg 
1: SEGi9, SEGig 


SEG17, SEGi¢/INg, IN7 selection bit 
A's INg, IN7 
1? SEG7, SEGi6 


SEG13, SEG12/P42, P43 selection bit 
0: P45, P4, | 
1: SEG,3, SEG), 


SEG15, SEG14/P49, P4, selection bit 
0: P45, P4, 
1° SEG,s, SEG, 


Fig.17 Structure of segment control register 


A-D interrupt request bit 


A-D control 0 
circuit 


Successive 
approximation 
register 
(A-D Register) 


(OOEF,, address) 


Switch tree 


Ladder resistor | 


Avss 


Fig. 16 A-D converter circuit 


fe) 


VRer | Voc 





A-D control register 
(OOF2,, address) 
Vrer input selection 
0 : Off 
1:0On 


Vrer Source Selection bit 
0: Vrer pin 
1 : Voc 
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KEY ON WAKE UP 


“Key on wake up” is one way of returning from a power | 


- down state caused by the STP or WIT instruction. 


When the key on wake up option of port P2 is designated 


and key on wake up interrupt enable bit (IC) is set to “1”, 


if the key on wake up option pin of port P2 has “L” level. 


applied, key on wake up interrupt is generated and the 
microcomputer is returned to the normal operating state. 
When the bit 4 of PWM control register (address 00F3,¢) is 
-set to “1”, the pulse shown in Figure 18 is outputed from 
P5z pin. | | 


Timer 1 and Timer 2 count 


P53/SIG pin 


i yo 


Key on wake up input 


Stand-by release 





As shown in Figure 19, if the key matrix of active “L” to in- 
put port P2 is constructed, the microcomputer is returned to 
normal operating state by the key push. Refer to the sec-. 


tion of intterrupt how to use the key on wake up function. In 


order to enter the power down state generated by the STP 
or WIT instruction at the interrupt disable flag (1) is “0” and 
IC. is “1”, the input designated as key on wake up by op- 
tion in port P2 must be all “H”. . 


Fig. 18 Output from the SIG pin at wake up from the stop state 
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ZEEZESELE Key on wake up register 


(OOEE,, address) 


[Ep Interrupt control register 
Port P27 
directional register 
P27 iD 








fm ee 
a Ve 
| Note) 
| | oS D> 
| Option 
| | 
| | 
| | 
| | 
| | . 
ea register Port P2 data 
P2, 9 read circuit 
ih 
Port PXx 
“L” level output , 
Note : Pull-up transistor (mask option) 
Fig. 19 Block diagram of port P2 and example of wired at used key on wake up 
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RESET CIRCUIT — i 

The M37410M3-XXXFP is reset according to the sequence 
shown in Figure 22. It starts the program from the address 
formed by using the content of address 3FFF,, as the high 
order address and the content of the address 3FFE,, as the 
low order address, when the RESET pin is held at “L” level 
for no less than 16 us while the power voltage is between 


_ Address 
(1) Port PO directional register (DO) (E116)**" 
(2) Port P1 directional register (D1) (E3i6)°"" 
(3) Port P2 directional register (D2) (E5i6)°*: 
(4) Port P3 directional register (D3) (E916):*: 
(5) Port P5 directional register (D5)(EDi6):": 
(6) Interrupt request distinguish register 1 (F116)*"- 
(7) Interrupt request distinguish register 2 (F2ig)**° 


(8) PWM control register (F3i6)""" 


(9) Segment control register (F4ig)- 
(10) LCD miadé register (F5i6) °° 
(11) Serial 1/0 mode register (SM) (F6i6)°"° 
(12) Fier 4, 5, 6 mode register (F815) °"° 


(IM) (FEy6) °° 


(13) Interrupt control register | 


(14) Timer control register 


(15) A-D control register 4 (F216) 


(16) Processor status register 


(TM) (FF ig)" 


0016 


* 3. 20% 


oO (on) oO 
= 2 
ron) o ro) 


0016 


0016 


Eee elie 








4 and 5.5V and the crystal oscillator oscillation is stable and 
then returned to “H” level. | 

The internal initializations following reset.are shown in Fi- 
gure 20. 
An example of the reset circuit is shown in Figure 21. 
When the power on reset is used, the RESET pin must be 
input “H” after the oscillation of X;y-Xoyur becomes stable. 


M37410M3-XXXFP 








Fig. 21 Example of reset circuit 

: - 8 Contens of address : 

(17) Program counter . (PCy): FFFi¢ 
Contents of address 
(PC,)+ 3FFE16 
: Since the contents of both registers other than those listed 

above (including timers and the serial I/O register) and the 

RAM are undefined at reset, it is necessary to set initial 

values. 
Fig. 20. Internal state of microcomputer at reset 
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Magnifying diagram 


RESET 


Internal RESET 


“SYNC 


Address (> XK 2] X00, SX00.S-)0.S-OKaFFEXSFFF NO, AD 
Reset address from 
(> 2 KPO. KPC. K PS KAD. ADs) Case 


32~48 clock cycles Note 1: Frequency relation of f(Xin) and dis (Xin) =16°¢. 


Note 2: The mark “?” means that the address is change- 
able depending upon the previous state. 





Fig. 22 _ Timing diagram at reset 
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/O PORTS up to V3. Just after the reset, this becomes high- 
(1) Port PO impedance state. 
Port PO is an 8-bit I/O port with CMOS outputs and (9) Common output(COMp~COMs) 
pull-up transistor options available. As shown in Figure These port provides output drive and control for the 
1, PO can be accessed as memory through zero page LCD common lines. At reset, this outputs the level of 
address 00EQ;,. Port PO’s directional register allows Viz: 
each bit to be programmed individually as input or out- (10) Power Supply for LCD(V,4;~V,3) 
put. The directional register (zero page address Supplies power to the LCD terminals... 
00E1,,) can be programmed as input with “O”,-or as (11) INT, | 
| output with “1”. When in the output mode, the data to The INT; pin is an interrupt input pin. The INT, inter- 
be output is latched to the port register and output. rupt request bit (bit 7 of address OOFE;.¢) is set to “1” 
When data is read from the output port, the output pin when the input level of this pin changes from “H” to “L” 
level is not read, only the latched data of the port reg- (or “L” to ”H”). This input level is read in the bit 7 of 
ister is read. Therefore, a previously output value can serial |/O mode register (addresss OOF6,6.). 
be. read correctly even though the output voltage level (12) INT2(P32/INTo) 
has been shifted up or down. Port pins set as input are The INT> pin is an interrupt input pin common with P3bo. 
in the high impedance state so the signal level can be When P3,'s directional register is set for input (“0”) , 
read. When data is written into the input port, the data this pin can be used as an interrupt input. The INT» in- 
is latched only to the output register and the pin still terrupt request bit (bit 3 of address OOEB;,) is auto- 
remains in the high impedance state. matically set to “1” when the input level of this pin 
(2) Port P1 _ changes from “H” to “L” (or from “L” to “H”). 
Port P1 has the same function as PO but the output (13) INT3(P59/INT3) . 
‘structure is N-ch open drain. The INT pin is an interrupt input pin common with P5po. 
(3) PortP2 | The other functions are the same as INT». 
Port P2 has the same function as PO. Following the ex- 
ecution of STP or WIT instruction, key matrix with port 
P2 can be used to generate the interrupt to bring the 
microcomputer back in its normal state. The pin to be 
used as the key on wake up must be with key on wake 
up option and its value in directional register must be 
“9”. 
(4) Port P3 Se 
Port P3 has the same functions PO except that part of 
P3 is common with the serial !/O, output of timer4, 
clock oscillation of timer clock and interrupt input. 
The output is N-channel open drain. When P3, and P3, 
pins are used for Xn input, pull-up is inhibited. 
(5) Port P4 
Port P4 is an 4-bit input port which can be used as a 
segment output port. At reset, this port is pull-up to V_3. 
Just after the reset, this port becomes high-impedance 
state. When port P4 is used as input port, the pull-up 
option to these pins are inhibits. 
(6) Port P5 
- Port P5 has the same functions as PO except that part 
_ of PS is common with the counter input pin, SIG pin, 
and PWM output pin. The output is N-channel open 
drain output. 
(7) Segment output(SEG>~SEG,,) 
These ports drive and control the LCD segments. At 
reset, these output the level of V,3. 
(8) Analog input(INo~IN7) 
This is a port for an analog input of A-D converter. This 
san be used as the segment output. At reset, it is pull- 
MITSUBISHI 


ELECTRIC © 


MITSUBISHI MICROCOMPUTERS 


M37410M3-XXXFP 
M37410M4-XXXFP 


SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 





Port PO z 











Port PO 
CMOS output 


— ¥ Tr1 (mask option) 
eae c 

: Port Latch 1] 

ot 


Tr1 is pull-up transistor at input (mask option) 


Vcc 
Port P1 7 
Tr2(mask option) 


cara. 
4 © 
- Port Latch 


fd 


Data bus 











Port P1 
N-ch open drain 


Data bus 








Port P2 





DirectionalRegister 


4 
a 
=p 


<a One 


Interrupt control circuit 
Tr3 is pull-up transistor (mask option) 











mask option 







Port P2 


Data bus 
CMOS output 







Voc 


Port P32, P59 


DirectionalRegister 


a 


i] mask option 


Port P32, P55 


N-ch open drain 


Data bus 


Port Latch 
| 


yt 


Interrupt control circuit 





Tr4 is pull-up transistor (mask option) 


Fig. 23 Block diagram of ports PO~P2, P3. and P55 
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Port P3o, P3;, P33, P34, PSs, P3s, P37, 


P5,, P52, P53, P54, P5s, 
P5., P5z 


Directional 
. register ‘ 
- Port latch | a | 
Port P3o, P3,, P33, P3., P3s, P36, 
4 . , P37, P5;, P52, P53, PS4, P5s, 


P5.¢, P57 


4 


Tr5 is pull-up transistor (mask option) 
Port P4(SEGis~SEGi2) 


V.i3 


; Tr6 a 
RESET 5 mask option 


. Port P4(SEG;;~SEG)>) 
, LM, 
Tr6 is only conducted at RESET=“L". 


Tr7 is pull -up transistor (mask option) 





Fig. 24. Block diagram of Port P3 and P4 


Analog input IN (SEG23~SEGi6) 
V3 


at ee 


| V 

A-D converter circuit Sl 
so 

Tr8 is only couducted at RESET=“L” 


Analog input IN 
- (SEGo3~SEGi6) 





Data bus 


Interrupt control circuit 


ican 





Fig. 25 Block diagram of analog input port IN, INT,, RESET 
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CLOCK GENERATING CIRCUIT 
The M37410M3-XXXFP. has two internal clock generators. 


Figure 28 shows a block diagram of the clock generator. - 


Normally, the frequency applied to the clock input pin Xin 
divided by four is used as the internal clock (timing output) 
¢. Serial |1/O mode register bit 5 can be used to switch the 
-internal clock ¢to 1/2 the frequency applied to the clock 
input pin Xciy. In this case, the pull-up option to these pins 
are inhibited. 

‘These signals can also be changed via bitS5 (LM;) and bit6 
(LMg) of the LCD mode register. When LM, and LMg are 
[00], the internal clock is chosen X;,/16. When they are 
[01] , the internal clock is chosen X\y/4. When they are 
[10] and [11] , the internal clock is Xc/2. The one of 
clock Xj and clock Xn, isn’t in use for the internal clock 
(none system clock), stops when the bit6 (SMg) of serial |/ 
O mode register is “O”. In order to restart the clock as the 
internal clock, SMg is set to “1” and wait until the oscillation 
becomes stability by the software then the internal clock is 
chosen LMg, and LMs. 

Figure 26 shows a circuit exmple using a ceramic (or 
crystal) oscillator. Use the manufacturer’s recommended 
values for constants such as capacitance which is unique 
for each oscillator. when using an external clock signal, in- 
put from the Xin(Xcin) pin and leave the Xour(Xcour) pin 
open. A circuit example is shown in Figure 27. 

The M37410M3-XXXFP has two low power consumption 
modes, stop and wait. The microcomputer enters a stop 
-mode when the STP instruction is executed. The oscillator 
(both Xjy clock and Xcqy clock) stops with the internal 
clock ¢held at “H” level. In this case timer 1 and timer 2 
are forcibly connected and ¢/4 is selected as timer 1 input. 
When restarting oscillation, set the suitable value for timer 
1 and timer 2 in order to enable the oscillator to stabilize. 
Before executing the STP instruction, the timer 1 count stop 
bit must be set to supply (“0”), Timer 2 interrupt enable bit 
(IF1,) of interrupt request distinguish register 1 must be 
set to enable (“1”), Timer 2 interrupt enable bit (TC,) of 
timer control register must be set to disable (“0”). 
' Oscillation is restarted (reset stop mode) when INT,, INTs, 
or INT3 interrupt is received. The interrupt enable bit of the 
interrupt used to reset the stop mode must be set to “1”. 
When restarting oscillation with an interrupt, the internal 
clock ¢is held “H” until timer 2 overflows and is not sup- 
plied to the CPU. When oscillaticn is restarted by reset, “L” 
level must be applied to the RESET pin until the ‘oscillation 
stabilizes because no wait time is generated. 
The microcomputer enters a wait mode when WIT instruc- 
tion is executed. The internal clock ¢ stops at “H” level, but 
the oscillator does not stop. ¢is re-supplied (wait mode 
reset) when the processor is reset or when it receives an 
interrupt. Instructions can be executed immediately be- 
cause the oscillator is‘not stopped. The interrupt enable bit 
_ of the interrupt used to reset the wait mode must be set to 


“1” before executing. the WIT instruction. 

When the interrupt is accepted and after the interrupt sub- 
routine is executed, the next instruction to STP or WIT is 
executed. It is possible to cancel stop and wait mode by 
reset. In this case, the execution is started from the 
address is set to reset vector. 

Transition of states for the system clock is shown in Figure 
29. The change order of the internal clock is shown in Fi- 
gure 29. 

When STP instruction is executed from the states of A, B, 
C, D and E, it will be the same state as'H (stop state). If 
the interrupt is executed in stop state, it will return the state 
before STP instruction is executed. 









M37410M3-XXXFP 


Xin Xout 





Xcin 
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nea oe aoe pli 





Fig. 26 External ceramic resonator circuit 
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Fig. 27 External clock input circuit .— 
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=” +s 


Timer 1 
Unsystem clock count source 
operation SMg selection TM. 
Internal system 


ae i SMe clock source _ ,__. Timing ¢ 
LM. . selection LM7 


(Internal Clock) 


otc 
Reset 
Ri STp WIT STP instruction 


instruc neuen on 
-tion 


Se Reset 
Interrupt 
. p>— disable 


INT, interrupt enable 
INT, interrupt request 


Serial I/O or timer2 interrupt enable 
Serial I/O or timer2 interrupt request 


INT3 or key on wake up interrupt enable 
INT; or key on wake up interrupt request 
INT. or timer3 interrupt enable 

INT. or timers interrupt request 


Timer6 or A-D interrupt enable 
Timer6 or A-D interrupt request =< 


Fig. 28 Block diagram of clock generating circuit 
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SMs=0 
SM,=0 
LMs=0 : 
wit = Ay bMe=0 | C WIT 
instruction instructionfaiiHz oscillation 





















High- speed mode 













8MHz oscillation Normal mode 





LMs=“1"-+“Q” 















































32kHz stop 8MHz oscillation saa oe aaa 
finer pene LMs="0"-+"1" 32kHz stop Timers, 
LCD action intentipt $= S00kHz g=2MHz interrupt LCD action 
STP instruction STP instruction 
‘ | 
Interrupt nterrupt 
8MHz stop 
SMs="“0"-"1 ” SMs=“1 rom» tg” 3°kHz stop SMs=“0"—"1 ” SMs="1"—“0” 
SM.s=“0"-"1" SMg=""1"-*"0" J stop SM,=“0"—"1” SMe="1"-+"0" 
Interrupt Interrupt . 
STP instruction STP instruction 
WIT WIT 
instruction instruction 




















8MHz oscillation 


8MHz stop nae 
32kHz oscillation 


32kHz oscillation 










8MHz oscillation 






LMs=“1"-“0" 








¢=stop 32kHz oscillation ¢=stop 

; Timers 

Timers, —upn_ygn ro 
LCD action LMs="0"-°"1 LCD action 








Interru pt Interrupt 







WIT 
instruction 







instruction 










8MHz oscillation 
32kHz oscillation 





8MH2 oscillation 8MHz stop 












¢ stop 32kHz oscillation 32kHz stop 
Timers, d= 16kHz ¢ stop » 
Le pacuen Interrupt Interrupt 
SMg="1"-"0" SMs="0"-> “1” 
WIT STP 


Clock mode 


8MHz stop 
32kHz oscillation 


32kHz stop 


8MHz stop 


32kHz oscillation 
g= 16kHz 


¢@ stop 
Timer, LCD 


sto 
action é p 





Interrupt Interrupt 


The case of example clock X\jy=8MHz, clock Xciy=32kHz.. 

Note : At the end of STP instruction, wait time occurs automatically by connection of timers 1 and 2 and changing system clock. This time is set by program. 
When SM.=1 and unsystem elect is operated, wait time necessary by program until oscillation becomes stable. . 
Return to the normal mode once in case changed to the low-speed mode from the normal mode. 


Also return to the high-speed mode once in case enanaed to the low-speed mode from the high-speed mode. 


Fig. 29 Transition of states for the system clock 
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PROGRAMMING NOTES 


(1) 
(2) 


The frequency ratio of the timer is 1/(n+1). 


Even though the BBC and BBS instructions are ex-- 


ecuted after the interrupt request bits are modified (by 


‘the program), those insructions are only valid for the 


contents before the modification. Also, at least one in- 
sturction cycle must be used (such as a NOP) be- 
tween the modification of the interrupt request bits and 
the execution of the BBC and BBS instructions. 

When the timer 4 and the timer 5 are used at event 
counter mode, read the contents of these timers either 
while the input of these timers are not changing or after 
timer 4, 5 count stop bit (bit 6 of address 00F8,,) is set 
to “1”. | | 

Also, when the timer 1, timer 2, or timer 3 is input the 
clock except ¢/4 or it divided by timer, control the 
same as above. 


_ After the ADC and SBC instructions are executed (in 


decimal mode), one instruction cycle (such as a NOP) 


jis needed before the SEC, CLC, or CLD instructions 


are executed. 


A NOP instruction must be used after the exection of a 


PLP instruction. | 
When LCD trun-on bit (bit 3 of address 00F5,,) of the 
LCD mode register is “1”, don’t stop the timers or count 
source for timers. ; 

The timer 1 and timer 2 must be set the necessary 
value immediately before the execution of a STP in- 
struction. 


‘When the interrupt is processed, confirm the interrupt 


enable bit is enable state after into the interrupt 
routine. If so, check the request flag after that. 

The change of system clock of X/16—X¢/2—X/4 and 
X/4— X-/2—>X/16 are inhibited. 


DATA REQUIRED FOR MASK ORDERING 
’ Please send the following data for mask orders. 
(1) mask ROM confirmation form 
(2) mark specification form 
(3) ROM data crsttcrrtctreteeeess iSietintialslo sin ereieyese aieters'e-e erect EPROM 3sets 
Write the following option on the mask ROM confirmation 
form i 7 
¢ Port PO pull-up transistor bit — 
* Port P1 pull-up transistor bit 
* Port P2 pull-up transistor bit 
¢ Port P3 pull-up transistor bit 
¢ Port P4 pull-up transistor bit 
¢ Port P5 pull-up transistor bit 
' © Port P2 key on wake up 
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ABSOLUTE MAXIMUM RATINGS 


Symbol Conditions ne Unit 
. ca Supply voltage for LCD Vii~Vi.3 Vir<Vie<Vi3 =; Seer 3 













Input voltage PO 9~P0;, P29~P27, P30, P31, 
P49~P43, INo~IN7, Vrer, Xin 





Input voltage CNVss 


Input voltage as RESET, P19~P17, 
So~ P37, P59~P57 


Output aie P09~P07, P29~P27, P39, P31, 
COMyp~COMs, SEGo~ SEGo3, Xout 








} 
300 mW 
ieee oeenienaig ee ee C 








RECOMMENDED OPERATING CONDITIONS (Voc=2. Buk: 5V, Vss= OV, nna tieeminaivalie unless otherwise noted) 


oe fe eae 
Nom. 


iia)= Shite High peed mode (weie2) | 45 [| 
Supply voltage (Note 1 ) cae 8 MHz Low-speed mode or 

f(Xin) = 2 MHz High speed mode ca 
ea 


“H” input voltage PQ o~P0;, Py, P3;, P49~P4s, 
0.7V 


“H” input voltage P29~P27 Voc V 


—— 
—— 
| Vix | “H” input voltage P1p~P17, P3z~P37, P5;~P5z, Sin 
“H” input voltage P32, P59, INTy, INTo, INTs, | 
fe eer | 
ae “H” input voltage RESET, Xin, Xcin | 
Mee 
| lon 
Viet 


































“L” input voltage PO 9~P07, Plop~Pt7, P39, P3; 

P33~P37, P4p~P43, P5;~P57, Sin 

“L” input voltage P29>~P27, P32, P59, INTy, INT2, INT3, 
| CNT, CNTs, SIG, CLK 


“L” input voltage RESET, Xin, Xcin 


POp~P07, P29~P27, Xour (Note 4 ) 
“L” output current PO 9~P0;, P29 ~P27, P39~P37 
P59~P57, Xout, PWMO~PWM3, 

T, Sour, CLK, Sapy, SIG (Note 5 ) 
a Oy opi current P19~P17 aS Vec=4.5~5. 5V 


FOX) Clock oscillating frequency for clock function bee Ns ee te 


Note 1 When only maintaining the RAM data, minimum value of Vcc is 2 V. 

We say the high-speed mode, when the system clock is chosen Xiy/4, and the low-speed mode, when the system clock is chosen Xjy/16. 
When P3, is used aS Xoin, Vin and Vi_ of P3, is 0.85VecSVinSVec and OSV. S0.15Vec. 

The total lon( peak) of port PO, P2 and Xour is less than 35mA. 

The total lou(peak). of port PO, P2, P3 and P65 is less than 32mA. 

The total peak current of lo, of port P1 is less than 80mA and the average current of total lo, of port P1 is less than 40mA. 












“H” output current 





































NO 
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ELECTRICAL CHARACTERICS « Vss=0V, Ta=—20~75C (Xin) = 8 MHz, unless otherwise noted) 


mye Parameter test conditions Unit 


V =5V, | =—0.5mA 
“H” output voltage P0o~PO), P2o~P2y —— pe 





















Veo=5Y, lon=—0-3mA | as fe ee 
Vou “H” output voltage Xourt 
| Voc=3V, lou=—0. 1mA 


“L” output voltage POo~PO07, P29~P27, P39~P37 
P59~P57, T, Sout, CLK, 
Srpy, SIG, PWMO~PWM3 Vec=3V, loL=0. 5mA 


Voc=5V, loL=20mA 
“L” output voltage P1g~P17 
Vec=3V, loL= 10mA 
Vec=5V, loL=0. 3mA 
ee output voltage Xour ce on 
Vec=3V, loL=0. ImA 
7 ” Hysteresis INTy, INT2, INT3, CLK, CNT), Vec=5V 
Senet oes, CNT2, SIG, Sin, P20~P27,Xcin Veo=3V 
Vec=5V 
Vr4+—-Vy— diysieredts RESET 
Vec=3V 
Vr4—Vr— | Hyst x Neco) 
= steresis 
Tee wae | ae bi Voc=3V | 0.35. 
ue input current {P0g~P07, Plo~P17, P29~P27, P39~P37, Voc=5V Vi=0V 
P4y~P43, P5o~P5z} without pull-up Ty, (Note 1), ; 


| INo~INz, INT}, RESET, Xin Vec=3V Vi=0V 
, “H” input current POgo~P07, P29 ~P27, P39, P3; Vec=5V V,;=5V 
P49~P47, INo~INz7, Xin, Xcin, CNVss Vec=3V Vi=3V . | 
“H” input current [P1g~P17, P39~P37, P5g~P5z] without pull-up Ty, | 
INT;, INT, INTs, CNT}, Vi= 
ea SEAS 


Pee [re -up Ty, ages P1o~P17, P2o~P2; Voc=5V, Vi=0V 
3o~P3r, Pdo~ Ps, PSo~PSr Voo=3V, Wi=0V | 60 | 120 | 240 | 


fete impedance COM;~COMs vusvers—— [veemsv | 200 | 
ease zs vom 500 
Other COM, SEG cc p+ 2] 


| eS ee 
I aE SN TL 
Ho rare et Pe tt 


Note 1 : Also the same when each port is used as INT», INTs, CNT,, CNT2, SIG, Sjy and Xow, respectively. 





Voc=5V loc=] mA 
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~ PRELIMINARY 


Notice: This is not a final specification. Some 
parametric limits are subject to change. 


DESCRIPTION 

The M37415M4-XXXFP is a single-chip microcomputer de- 
signed with CMOS silicon gate technology. It is housed ina 
80-pin plastic molded QFP. This single-chip microcomputer 
is useful for business equipment and other consumer ap- 
plications. 

In addition to its simple instruction set, the ROM, RAM, and 
I/O addresses are placed on the same memory map to en- 
able easy programming. 


This microcomputer is also suitable for applications which 


require controlling LCDs and generating DTMF. 


DISTINCTIVE FEATURES 


@ Number of basic instructions Serre rrrrrrrrrer rrr rr rrr rrr rere ri 69 
@® Memory size 
ROM rrr err rr Sree i ee ee 81 9? bytes 
RAM emer cece nnccccce OTT Terr errr rere eee eee ee ee ee ee 512 bytes 
RAM for display LCD Peeve ere c cece cece sc veces esescece 16 bytes 


© Instruction executing time 
minimum instructions, at 3.2 MHz frequency ::::: 2.5 “Ss 


minimum instructions, at 1.6MHz frequency :°°::::* 5uS 

minimum instructions, at 800kKHz frequency::--::: 10 us 

minimum instructions, at 400kKHz frequency:::::::: -20us 
@® Single power supply 

f(Xin) =400kHz, or 800KHZ-o++seeeeee 2.55 Vcc S5.5V 

f(Xiy)=1.6MHz, or 3.2MHz°--0  4.5VSVo¢S5.5V 


@ Power dissipation 
normal operation mode (at 3.2MHz frequency) 
---4.0mA (DTMF output Voc=5.0V typ.) 
---3.0mA (DTMF off Voc=5.0V typ.) 
low-speed operation mode (at 32kHz frequency for 
clock function) 
-45uA (Voc=5.0V typ.) 


stop mode (at 25°C) rereeer er eee ee 1uA (max. ) 
© RAM retention voltage (stop mode) -:::: 2V SVram =5.5V 
@ Subroutine nesting +++": essnueneaedyen 64 levels (max.) 
:) Interrupt WOE erererer rere ere rere rer ree eee ee ee eee 8 types, 5 vectors: 
@ 8-bit timers :++t++3 (2 when used as serial I/O) 
@ 16-bit timer 7 1 (Two 8-bit timers makes one set) 
-@ Programmable I/O: ports 

(Ports PO, P1, P2, P3) sail Wi siweielalele wilde ed tote 0slele sleleleg wai alee aie’s 32 
@ Input port (Port P4) i taal aia DEN e eRe ose Pea teTe sean eadieae ls 8 
© Serial 1/O (8-bit) senhinawiobwe mes vaneenos ean speaeaenWGdl shade eaaweaes { 
@ DTMF (Dual-Tone Multi-Frequency) generator::: Built-in 
® !CD controller/driver 

(1/2, 1/3, bias, 1/2, 1/3, 1/4 duty) 

segment output emanate een e eee ewe e eee e eer eee eee eeesseseseeseeeee 32 . 

common output ee ee eee eee eee eee eee eee 4 

resistor for LCD power supply :---*:-* Seen -+++ Built-in 


@ Two clock generator circuits (One is for main clock, the 
other is for clock function.) 


APPLICATION 


Home telephone, Multi function telephone 


- 
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PIN CONFIGURATION (TOP VIEW) 





rrr wf re 


ea] ++ P4,/SEGoa 
+> P4,/SEGos 
> P4,/SEGo, 
61] <> P43/SEGo7 
60] +> P4,/SEGog 
+> P4./SEGoag 
+> P4,6/SEG30 
++ P4;/SEGs; 




































d4dXXX-VWNSLPLEN 








P33/T - 
P32/INT» —_> 



















a 
a ie ee oe ee ce ee 
ZEIT Are ZENPr OO tT MN = 
Saesiux sseaeeeaeae 
Qo O= 2 x ; 
os ud 
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Note 1: 


petal Meneee BLOCK DIAGRAM 





Interrupt - Reset 
Clock input Clock output input ‘input (5V) (OV) (OV) 
Xn Xour INT, RESET Voc - _Nss_ CNV 


Clock generating circuit | , 


Processor Program Program 
_-status counter counter 
register PS(8) PC.4(8) PC, (8) 
















Instruction 
register 
yy 
Instruction 
decoder 


_ Xow Xcour d 







8-bit 























Arithmetic RAM Control signal 
and logical Neeuimutator 512 bytes Index — Index 
aut ? register register Sigebytes 
a ua Timer 
tO 
(8) CNTR 


LCD controller/driver BME 


= ae esol all 1] 
ue f 
| 
Be 


Xcout 
P2(8) manor Pua) ee ; 
st ng QLOQOOOS | 





— | 
{I ie Peiterryiram 








Segment Segment output output (32) . Common , Tone. I/O port P3 WO port P2 port P2 I/O port VO port PL WO portPO port PO 
SEG output | Vee 
COM 


Program counter PC, is only 6 bits long. 


YUALNdWODOYNIIN SOW) LId-8 dIHD-37DNIS 


diXXX-vINSTPZEWN 
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FUNCTIONS OF M37415M4-XXXFP 


Parameter Functions 


Number of basic instructions 


2.58 (minimum instructions, at 3. 2MHz frequency) 
ee 5us (minimum instructions, at 1. 6MHz frequency) 
Instruction execution time 
10us (minimum instructions, at 800kHz frequency) 
20us (minimum instructions, at 400kHz frequency) 
3. 2MHz, 1. 6(MHz, 800kHz, 400kHz 
8192 bytes 

AN 512 bytes 
RAM for display LCD 16 bytes 
PO, P1, P2, P3 1/0 8-bitx4 

Input 8-bitX1 (Port P4 are in common with SEG) 

LCD output 32-bitX] 
LCD output _ | 4-bitx] 


ee) 
= 


Clock frequency 


Memory size 


Input/Output ports 


” 


U 
& 


E 
COM 


Serial 1/O 8-bitx 1 


< 8-bit timerX3 (X2, when serial I/O is used) 
imers 
. 16-bit timerX1 (combination of two 8-bit timers) 
1/2, 1/3, bias selectable 


LCD controller/driver 





64 (max 


| Two external interrupts, Three timer internal interrupts 
Interrupt eck 
(or two timer, one serial I/O) 


Two built-in circuits (ceramic or quartz crystal oscillator) — - 
2.5~5.5V(RAM retention voltage at clock stop is 2~5.5V) — 
At high-speed 

operation Vcc=5V 
At high-speed 
operation Vcc=5V 


DTMF off At low-speed 
255uW (at clock frequency f(Xcin) =32kKHz) 
_ | operation Vec=5V 


SuW (max. 256) 
Input/Output voltage 5V 


lon=— 2mMA(Von=3V) 

Output current lop=l0mA(Vo.=2V) 
Pull-up current : Min.—30uA, Max.—140A, Typ. —70uA 
(Vcoc=5V input voltage 0V) 

Operating temperature range —10~70°C 

Device structure CMOS silicon gate 


80-pin plastic molded QFP 


DTMF output 20mW (at clock frequency f( Xi) =3.2MHz) 


15mW (at clock frequency f(Xij) =800kHz) 
Power dissipation 


Input/Output 
characteristics 











MITSUBISHI = 
ELECTRIC | eae 








MITSUBISHI MICROCOMPUTERS 


M37415M4-XXXFP 


SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 





PIN DESCRIPTION 


Input/ 
Output 


Supply voltage input 


Vss 


_ — 


on cc Bcc 

[rer fionam |e Port PO is an 8-bit I/O port with directional register allowing each 1/O bit to be individually programmed as. 
input or output. At reset, this port is set to input mode. The output structure is eee output. 

Sm 


YO port Po 


| Input port P4 input | Port oa is an 8-bit input port and can be used as segment output pins. 


COMo~ | Common output Output 
COM; > . 


Segment output 


CNTR Counter I/O | vo | ‘This is an output pin for timer 4 and 5. 


Mewe D-A convert power 








Functions 


Power supply inputs 5V+10% to Voc and OV to Vss. 










To enter the reset state, the reset input pin must be kept at a “L” for more than 2us (under normal Vcc 
conditions). If more time is needed for the crystal oscillator to stabilize, this “L" condition should be main- 
tained for the required time. 





These ‘are I/O pins of internal clock generating circuit for main clock. To contro! generating frequency, an 
external ceramic or a quartz crystal oscillator is connected between the Xj and Xour pins. If an external 
clock is used, the clock source should be connected the Xjy pin and the Xour pin should be left open. 


















Port P3 is an 8-bit 1/O port and has basically the same functions as port PO. When serial I/O is used, P3,,, 
P36, PSs, and P34 work aS Sppy, CLK, Sour, and Siw pins, respectively. Also P33, P32, P3,, and P39 work as 
timer 3 overflow signal divided by 2 output pin (T), INT» pin, Xcin and Xcour pins, espace”. 







This is a voltage input pin for LCD. Supply voltage is OVSV_SVec. OV~V_y is supplied to LCD. 













These are the LCD common output pins. At V/2 ay: ‘COM2 and COM; pins are not use. At 1/3 duty, COM3 
pin is not used. 





These are LCD segment output pins. 


Reference voltage input for A-D converter of DTMF. 











supply for PIMs 


DTMF output Output This is DTMF output pin. 
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BASIC FUNCTION BLOCKS 


MEMORY | 

A memory map for the M37415M4-XXXFP is shown in Fig- 
ure 1. Addresses 2000,, to 3FFFi, are assigned for the 
built-in ROM area which consists of 8192 bytes. Addresses 
3F00,, to 3FFF,;, are a special address area (special 
page). By using the special page addressing mode of JSR 
instruction, subroutines address on this page can be called 
with only 2 bytes. Addresses 3FF4;, to S3FFFig are vector 


addresses used for the reset and interrupts (see interrupts 
3u0, . 
L 


0000;, 


RAM 
(128 bytes) 


007Fi¢ 


Zero page Not used 
RAM 


for 


LOD ODF, 
(16 bytes) 


00D0i., 


OOFFi¢ 
0100;, 


RAM 


(384 bytes) 
027F 4 


Not used 
2000; 


3F00i¢ 


ROM 


(8192 bytes) ae 
Special 


page 


3FF4 
for i Address 
Address H 


sub i 
routine Address L 


call Address H 


Address L 
Address H 


ress 
Address H 


Address L 


Address H ; 


Address L 
Address H 


Fig.l Memory map 


> 
Q 
QO. 
Tc 
. N 
_ “XN 


chapter). 

Address 0000; to OOFF,, are the zero page address area. 
By using zero page addressing mode, this area can also be 
accessed with 2 bytes. The use of these of these addres- 
sing methods will greatly reduce the object size required. 
The RAM, I/O port, timer, etc. addresses are already 
assigned for the zero page. Addresses 0000; to 007F;, 
and 0100;, to 027F,, are assigned for the built-in RAM 
which consists of 512 bytes. This RAM is used as the stack 
during subroutine calls and interrupts, in addition to data 
storage. 


Decimal 
0 


Port PO 


directional 
Port PO register 


Port P1 


directional 
Port P1 register 


di ti I 
Port P2 register” 


Port P3 


i tional 
PortP3 = SSStr" 


Port P4 






127 y, 







Timer) 


Timer 5 


\ QOFE16 Interrupt control register 
Timer control register 






INT» ore 
Serial I/O ‘ 
or Timer 3 
Timer 2 \ 
Timer 1 . 











INT, 
RESET 
16383 
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CENTRAL PROCESSING UNIT (CPU) 


The CPU consists of 6 registers are shown in Figure 2. 


ACCUMULATOR(A) 


The 8-bit accumulator A is the main register of the micro- 


computer. Data operations such as data transfer, input/out- 


put, etc., is executed mainly through the accumulator. 
INDEX REGISTER X(X) 

The index register X is an 8-bit register. In the index regis- 
ter X addressing mode, the value of the OPERAND added 
to the contents of the index register X speifies the real 
address. When. the T flag in the processors status register 
is set to “1”, the index register X itself becomes the 
address for the second OPERAND. 


INDEX REGISTER Y(Y) 


The index register Y is an 8-bit register. In the index regis- 


ter Y addressing mode. the value of the OPERAND added — 


to the contents of the index register Y specifies the real 
address. ; 


Accumulator 


Index register X 


Index register Y - 


Stack pointer 


PC,,‘(Note) 


Note : PCy uses 6 bits only. 


Fig.2 Register structure 


Program counter 





STACK POINTER(S) 

The stack pointer is an 8-bit register that contains ‘the 
address of the next location in the stack. It is mainly used 
during interrupts and subrotine calls. The stack pointer is | 
not automatically initialized after reset and should be initial- 


ized by the program using the TXS instruction. 


When an interrupt occurs, the higher 8 bits of the program 
counter is pushed into the stack first, the stack pointer is 
decremented, and then the lower 8 bits of the program 
counter is pushed into the stack. Next the contents of the 
processor status register is pushed into the stack. When 
the return from interrupt instruction (RTI) is executed, the 
program counter and processor status register data is pop- 
ped off the stack it reverse order from above. 

The accumulator is never pushed into the stack automati- 
cally, so a Push Accumulator instruction (PHA) is provided 
to execute this function. Restoring the accumulator to its 
previous value is accomplished by the Pop Accumulator in- 
struction. (PLA). It is executed in the reverse order of the 
PHA instruction. 

The contents of the Processor Status Register (PS) are 
pushed and popped to and from the stack with the PHP — 
and PLP instructions, respectively. | 
During a subroutine call, only the Program Counter is | 
pushed into the stack, Therefore, any registers that should 
not be destroyed should be pushed into the stack manually. » 


-To return from a subrotine call, the RTS instruction is used. 


7 a. | 
yfvirfefoys|z]o| Processor status register 


Carry flag 
Zero flag 


Interrupt disable flag 


Decimal mode flag 


Break flag 
Index X mode flag 
Overflow flag 


Negative flag 
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~ PROGRAM COUNTER(PC) 

The 16-bit program counter consists of two 8-bit registers 
PCy and PC,. The program counter is used to indicate the 
address of the next instruction to be executed. 

PCy is only 6 bits long. 


PROCESSOR STATUS REGISTER(PS) 

The 8-bit PS is composed entirely of flags used to indicate 
the condition of the processor immediately after an opera- 
tion. Branch operations can be performed by testing the 
Carry flag (C), Zero flag (Z), Overflow flag (V) or the 
Nagative flag (N). Each bit of the register is explained 
below. 


1. Carry flag (C) 

The carry flag contains the carry or borrow generated by 
the Arithmetic Logic Unit (ALU) immediately after an opra- 
tion. It is also changed by the shift and rotate instructions. 
The set carry (SEC) and clear carry (CLC) instructions allow 
direct access for setting and clearing this flag. 


2. Zero flag (Z) 7 | 


This flag is used to indicate if the immediate opration ~ 


generated a zero result or not. If the result is zero, the zero 
flag will be set to“0”. If the result is not zero, the zero flag 
will be set to “1”. 


3. Interrupt disable flag (I) 

This flag is used to disable all interrupts. This is accom- 
plished by setting the flag to “1”. When an interrupt is 
accepted, this flag is automatically set to “1” to prevent 
from other interrupts until the current interrupt is completed. 
The SEI and CLI instructions are used to set and clear this 
flag, respectively. 


4. Decimal mode flag (D) 

The decimal mode flag is used to define whether addition 
and subtraction are executed in binary or decimal. If the 
decimal mode flag is set to “1”, the operations are ex- 
ecuted in decimal, if the flag is “0”, the operations are ex- 
ecuted in binary. Decimal, correction is automatically ex- 
ecuted. The SED and CLD instructions are used to set and 
clear this flag, respectively. | 


5. Break flag (B) 3 

When the BRK instruction is executed, the same operations 
are performed as in an interrupt. The address of the inter- 
rupt vector of the BRK instruction is the same as that of the 
lowest priority interrupt. The contents of the B flag can be 
checked to determine which condition caused the interrupt. 


If the BRK instruction caused the interrupt, the B flag will 


be “1”, otherwise, it will be “O”. . 


6. Index X mode flag (T) 

When the T flag is “1”, operations between memories are 
executed directly without passing through the accumulator. 
Operations between memories involving the accumulator 
are executed when the T flag is “O” (i.e., operation results 
between memories 1 and 2 are stored in the memorry 1 ). 
The address of memory 1 is specified by the contents of | 
the index register X, and that of memory 2.is specified by 
the normal addressing mode. The SET and CLT instructions 
are used to set and clear the T flag, respectively. 


7. Overflow flag (V) 

The overflow flag functions when one byte is added or sub- - 
tracted as signed binary number. When the result ex- 
eceeds +127 or — 128, the overflow flag is set to “1”. 
When the BIT instruction is executed, bit 6 of the memory 
location is input to the V flag. The overflow flag is reset by 
the CLV instruction and there is no set instruction. 


8. Negative flag (N) 


The negative flag is set whenever the result of a data trans- 


fer or opration is negative (bit 7 is “1”). Whenever the BIT | 
_ instruction is executed, bit 7 of the memory location is input 


to the N flag. There are no instructions for directly setting or 
resetting the N flag. 
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INTERRUPT : b, i Table 1 Interrupt vector address and priority 


“The MS7415M4-XXXFP can be interrupted from eigh 


sources; INT,, Timer 1, Timer 2, Timer 3 or Serial 1/O, INT» 1 












The value of bit 2 of the serial I/O register (address 


OOF6,.) determines whether the interrupt is from timer 3 or 
from serial 1/O. When the bit 2 is “1” the interrupt is from 
serial I/O, and when bit 2 is “0” the interrupt is from timer 
3. Also, when bit 2 is “1”, parts of port 3 are used for serial 
\/O. Bit 7 of the serial 1/O register determines if an inter- 
rupt is from INT» or from “key on wake up”. When bit 7 is 
“0”, the interrupt is from INT2. When bit 7 is “1” the interrupt 
is from “key on wake up”. “key on wake up” can only be 
used at power down by the STP or WIT instruction. These 
interrupts are vectored and their priorities are shown in 
Table 1. Reset is included in this table since it has the 
same function as interrupt. | . 


oo 


or key on wake up, and BRK inctruction. 3FFD16, 3FFCi¢ 


3F F916, SFF8i6 
Timer 3 or serial 1/O 3FF7 16, 3FF616 
Pp 6 FF516, SFF416 


INT» or key on wake up( BRK) 


ele 
3 Zz 
sik |a 
nN 
aS 





7 » 20 
PP Pep Pp pd Interrupt contro! register (Address OOFE;,) 


: INT, pin interrupt request bit 

: INT; pin interrupt enable bit 

: Timer 2 interrupt request bit 

: Timer 2 interrupt enable bit 
: Timer 3 interrupt or serial |/Q interrupt request bit | 
- Timer 3 interrupt or serial I/O interrupt enable bit 

: INT> pin interrupt request bit 

: INT. pin interrupt enable bit- 


Timer control register (Address OOFF,,) 


7 QO. 4 
Pal i EC a Bit 7. Timer 1 interrupt request bit 
Interrupt i qi: qui 


request 


Bit6 - Timer 1 interrupt enable bit 
_ BitS - Timer 1 count stop bit 

Interrupt disable flag | Bit 4 : Timer 3 count source selection bit 
Reset | Bit 3 : Timer 2 count source selection bit 
Bit 2 : Timer 1 count source selection bit 





Fig.3 Interrupt control 
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When an interrupt is accepted, the contents of certain reg- 
isters are pushed into specified locations, as discussed in 
the stack pointer section, and the interrupt disable flag (1) 
is set,,and the program jumps to the address specified by 
the interrupt vector, and the interrupt request bit is cleared 
automatically. The reset interrupt is the highest priority in- 
terrupt and can never be inhibited. Expect for the reset in- 
terrupt, all interrupts are inhibited when the interrupt dis- 
able flag is set to “1”. All of the other interrupts except key 
on wake up function can further be controlled individually 
via the interrupt control register shown in Figure 3 An inter- 
rupt is accepted when the interrupt enable bit and the in- 
terrupt request bit are both “1” and the interrupt disable 
flag is “O”. The interrupt request bits are set when the fol- 
lowing conditions occur: 

(1) When the INT, or INT. pins goes from “H” to “L” 

(2) When the levels any pin of P2 goes “L” (at power 

down mode) 
(3) When the contents of timer 1, timer 2, timer 3 or the 
counter of serial |1/O goes to “0” 


These request bits can be reset by a program but can 


not be set. 

Since the BRK instruction interrupt and the INT» inter- 
rupt have the same vectored address, the contents of 
the B flag must be checked to determine if the BRK in- 
struction caused the interrupt of if INTs generated the 
interrupt. 


MITSUBISHI 


TIMER 


The M37415M4-XXXFP has fivé timers; timer a timer 2, 


_timer 3, timer 4, and timer 5. The interrupt of timer 3 cannot 


be used when serial I/O is used (see serial |/O section). 
The count source for timer 1, timer 2, timer 3 can be 
selected by using bit 2, 3 and 4 of the timer control register 


- (address OOFF,,), as shown in Figure 5. A block diagram of 


timer 1 through 5 is shown in Figure 4. All of the timers are 
down count timers and have 8-bit latches. When a timer 
reaches “0” and the next count pulse is input to a timer, the 
contents of the reload latch are loaded into the timer. The 


- division ratio of the timers is 1/(n+1), where n is the con- 


tents of timer latch. 

The timer interrupt request bit is set at the next count pulse 
after the timer reaches “O”. The interrupt and timer control 
registers are located at addresses OOFE;,¢, and OOFF jg, re- 
spectively (see interrupt section). The starting and stop- 
ping of timer 1 is controlled by bit 5 of the timer control 
register. If bit 5 (address OOFF,,) is “0”, the timer starts 
counting. When bit 5 is “1”, the timer stops. | 
After a STP instruction is executed, timer 2, timer 1, and the 
clock (¢ divided by 4) are connected in series (regardless 


of the status of bit 2 though 4 of the timer control register). 


This state is canceled if timer 2 interrupt request bit is set 
to “1”, or if the system is reset. Before the STP instruction 
is executed, bit 5 of the timer control register (timer 1, 
count stop bit), bit 6 of the timer control register (timer 1 
interrupt enable bit), and bit 4 of interrupt contro! register 
(timer 2 interrupt enable bit) must be set to “O”. For more 
details on the STP instruction, refer to the oscillation circuit 
section. 
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Data bus 










8 


— 
| Xen | 2 : | 


Timer 1 interrupt 














Timer : request bit 
ae aes | 
a 
$ =f(Xew)/2 = : | LCDCK 
or 
{(Xin)/4 
Timer 2 latch (8) 
8 
. Timer 2 interrupt 
oS Timer 2(8) request bit 
™, | 
Timer 3 latch (8) 7 
Timer 3 or serial I/O 
» Timer 3 (8) interrupt request bit 
TM, 
P3, latch 
| 1/2 
SM,;, SMo ~ 
S onl 
P33/T - SM, | Ext. clock ; 
CLK : 1/2 Timer 3 
O) 


- Timer 4, 5 mode register (Address 00FB,,¢) 
TM : Timer control register (Address OOFF,,) 
SM : Serial 1/O mode register (Address 00F6,,) 
LM : LCD mode register (Address 00F5;¢) 


Select gate : at reset, 
shaded side is connected. 


| 
OVF | 


TC, 





P3./INT2 INT. ; | 


Fig.4 Block diagram of timers 1 through 5 
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TIMER 4 AND TIMER 5 MODES 


(1) 





Timer mode [00]. 


The internal clock divided by 4 is counted. When the 
timer counts to “O”, the interrupt request bit is set to 
“1”, the contents of the timer latch is reloaded, and the 
counting starts again. 

Pulse output mode [01]. 


The output level of the CNTR pin inverts each timer the 


timer contents to zero. 

Event counter mode [10]. 

The same function is executed as that of mode “00”, 
except that the counting source is input from the CNTR 
pin. The count decreased each time the CNTR input 
goes from “L” to “H”. 

Pulse width measurement mode [11]. 

This mode is used to measure the pulse width of a sig- 
nal (between “L”s) input into the CNTR pin. The count- 
ing is done using the oscillation frequency divided by 
4, and only while the CNTR pin is at a low level. When 
the contents of the counter reaches zero, the timer 5 
overflow flag is set to “1”, the timer is reloaded from 
the reload latch, and counting starts again. The over- 
flow flag can be reset by writing a “O” to bit 7 of 
address OOF8;¢. 


The structure of timer 4, 5 mode register is shown in | 


Figure 6. 


MITSUBISHI 


Timer control register 
(Address OOFF;¢) 


00 : Single-chip mode 
01 : Not used 

: Not used 
11: Not used 


Timer 1 count source selection bit © 
0: ¢divided by 4 
1: Timer for clock (Xen) 


Timer 2 count source selection bit 
0: Timer 1 overflow 
1 : Timer for clock (Xen) 


Timer 3 count source selection bit 
0: ¢ddivided by 4 
1: Timer 2 overflow 


Timer 1 count stop bit 
0 : Count start 
1 : Count stop 


Timer 1 interrupt enable bit 
0: Interrupt inhibit 
1 : Interrupt enable 


Timer 1 interrupt request bit 
0 : No interrupt request 
1: With interrupt request 





Fig.5 Structure of timer control register 


Timer 4, 5 
mode register 
(Address 00F8;¢) 


CNTR input level 
0: at “L” level 
] : at “H” level 
INT, input level 
0: at “L” level 
1° at “H” level 


Timer 4, 5 mode bit 

00 : Timer mode 
01 : Pulse output mode 
10 : Event counter mode 
11 : Pulse width measurement mode 


Timer 4, 5 count stop bit 


0 : Count start | 
1 : Count ’stop 


Timer 5 overflow bit 


0: No timer 5 overflow 
1 : With timer 5 overflow 





Fig.6 Structure of timer 4, 5 mode register 
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PORT P3.,/TIMER 3 OUTPUT 

The signal that timer 3 is divided by 2 is output from P33, 
(T), at the contents of bit 4 of the serial I/O mode register 
(address 00F6,,) is “1”. 


~ WATCHDOG TIMER FUNCTION 


Timer 4 and 5 can be used as a watchdog timer by con- 





‘necting the CNTR pin and the RESET pin as shown in Fi- 
gure /, and by setting bit 4 and 5 of address O0F8j¢ to “01”. 
At this time the output of the 1/2 divider counter 


(connected to timer 5) is initialized to “1” when data is 
written to timer 5. After a delay of 12.5 to 15.0us (at f(Xww) 


-=800KHz) after the reset is input, bits 4,5 and 6 of the tim- _ 


er 4,5 mode register are initialized to “O”. The initialization 
program to set the watchdog timer mode should have the 
following sequence; Oo | 
(1) Set the pulse output mode after writing a value to timer 
4 and 5 registers. | | 
(2) If the program is running correctly, the CNTR pin 
should never go low due to data being continuously 
written to timer 5. If the program sequence is inter- 


rupted timer 5 will overflow and the CNTR pin will out- 


put a “L” and retain this value until the reset is ex- 
ecuted. 

(3) 12.5 to 17.5us (at £ (Xi) = 800kHz) after a reset, the 
CNTR pin will be in high impedance state. 





M37415M4-XXXFP 


CNTR . RESET 


C and D are for power-on reset. | 


Fig.7 Reset circuit with the watchdog timer 
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SERIAL 1I/O | 

The block diagram of serial |/O is shown in Figure 8. In the 
serial |/O mode the receive ready signal (Sppy), synchro- 
nous input/output clock (CLK), and the serial 1/O (Sour, 
Sin) pins are used as P37, P3., P35, and P34, respectively. 
The serial 1/O mode register (address O0F6,,) is an 8-bit 


Divider 
Internal 


clock 1/4 


register. Bit 0 and 1 of this register is used to select a syn- 
chronous clock source. When these bits are [00] or [01], an 
external clock from P3¢, is selected. When these bits are 
[10], the overflow signal divided by two from timer 3 be- 
comes the synchronous clock. Therefore, changing the tim- 
er period will change the transfer speed. When the bits are 
[11], the internal clock ¢ divided by 4 becomes the clock. 


from internal clock - 
divided by 4 or 





P3, Timer 2 


O-= 







lies 


ye 
i 
: 


P3. 


Cy CLK 
Pa, & Sout 
@ Sin 


P3, 








(Address ooF7,.) J [ 


————— al 
za RERee 


INT, source selection bit (at STP/WIT) 
0 : P3, (INT2) 
1: P29~P2;7 (key on wake up) 


Unsystem clock operation bit 
0: HALT 
1 = operation 


Timer for clock port selection bit (P39, P3,) 
0 : P39, P3, (Normal I/O port) 


1: Xow, Xcour 


Output cf clock port selection bit (P33) 
0 : P33 (Nomal !/O port) 
a i 


Prescaler 


MSB_ Serial I/O —— LSB 


(Address — 







to timer 3 or 
serial |1/O 
interrupt 
request bit 


Transfer clock 


Serial |/O mode register 
(Address O0F6;,) 


—. Synchronous clock selection bit 


ee Ext | clock 
01: memahclee 


10 : Timer 3 overflow signal divided by 2 
11: Timing ¢ divided by 4 





Serial 1/O port selection bit (P35, P3.) 
0 : Normal 1/O port 
1: Serial 1/O port 


Sroy signal output selection bit (P37) 
0: Normal I/O port 
1° Saoy signal output pin 





Fig.8 Block diagram of serial 1/O 
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Bits 2 and 3 decide whether parts of P3 will be used as a 
serial |/O or not. When bit 2 is “1”, P38, becomes an I/O pin 
of the synchronous clock. When an internal synchronous 
clock is selected, the clock is output from P3¢..If the exter- 
nal synchronous clock is selected, the clock is input to P3g. , 
And P35 will be a serial output, and P3, will be a serial in- 
put. To use P3, as a serial input, set the directional register 
bit which corresponds to P3,, to “0”. For more information 
on the directional register, refer to the I/O pin section. 

To use the serial I/O, bit 2 needs to be set to “1”, if it is “O” 
P3, will function as a normal I/O. Interrupts will be gener- 
ated from the serial |/O counter instead of timer 3. Bit 3 
determines if P37 is used as an output pin for the receive 
data ready signal (bit 3="1”", Sapy) or used as a normal I/O 
pin (bit 3=“0"). 

The function of serial |/O differs depending on the clock 
source; external clock or internal clock. | 

Internal Clock- The Sarpy signal becomes “H” during trans- 
mission or while dummy data is stored in the serial 1/O reg- 
ister. After the faling edge of write signal, the Srey signal 


becomes low signaling that the M37415M4-XXXFP is ready 
to receive the external serial data. The Gaay signal goes 
“H” at the next falling edge of the transfer clock. The serial 
|/O counter is set to 7 when data is stored in the serial !/O 
register. At each falling edge of the transfer clock, serial 
data is output to P35. During the rising edge of this clock, 
data can be input from P3, and the data in the serial I/O 
register will be shifted 1 bit. Data is output starting with the 
LSB. After the transfer clock has counted 8 times, the serial 
1/O register will be empty and the transfer clock will remain 
at a high level. At this time the interrupt request bit will be 
set... 

External Clock- If an external clock is used, the interrupt 
request bit will be set after the transfer clock has counted 8 
times but the transfer clock will not stop. Due to this 
reason, the external clock must be controlled from the out- 
side. The external clock should not exceed 50kHz at a duty 
cycle of 50%. | . : 
Timing diagrams are shown in Figure 9, and connection be- 
tween two M37415M4-XXXFP’s are shown in Figure 10. 


w“™"""—L TL LALLY LLL ALLY] 


Transfer clock 


Serial I/O register write 
signal 


Serial [/O output 


Serial 1/O input 


Receivable signal 


_,Fig.9 Serial I/O timing 


Sending side 


Serial |/O mode register 
bit 3 bit 0. 


ody po 


Set the directional 
register for P37 pin 
~ in input mode. 


ae Po RO: Xe] K Do KOK X_Os X De ) 
oo 1X xX X KX XK XX) 





P3— Synchronous clock P3, 


D; 


— 
; | 
| [ ] 
Sroy . | 


Interrupt request bit set 


Receiving side 
Serial 1/O mode:register 
bit 3 bit 0 


ge ES 


Set the directional 
register for P3, pin 
in input mode. 


| P35 Serial data P3, 


_Fig.10 Example of serial |/O connection 
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DTMF FUNCTION : 
The M37415M4-XXXFP has the DTMF (Dual-Tone Multi- 
Frequency) output and control function. The value of bit 0, 
and bit 1 of DTMF register (address 00F4,,_) determines 
the low frequency band value. And the value of bit 2, and 
bit 3 of DTMF register determines the high frequency band 
value. The DTMF output can be controlled by the value of 
bit 4, and bit 5 of the DTMF register. When bit 4 is “1” the 
low frequency band is output to Tone, and when bit 4 is “0” 
the output of low frequency band is stopped. When bit 5 is - 
“1” the high frequency band is output to Tone, and when bit 
5 is “O” the output of high frequency band is stopped. 

The value of bit 6, and 7 of DTMF register determines the 
basic frequency. The structure of the DTMF register is_ 
shown in Figure 11. The accuracy of DTMF output value is 
shown in Table 2 and 3. | 


DTMF register 


- (Address 00F4;¢) 


Low frequency band 
value selection 
00 : 697Hz 


01 : 770Hz 
10: 852Hz . 


11° 941Hz 


High frequency band 
value selection 


00 : 1209Hz 
01: 1336Hz 
10 2 1477Hz 


11 : 1633Hz 
Low frequency band 
- Output control 


0: stop 
1 : start 


High frequency band 
output control 

0 : stop 

1° start 


DTMF basic frequency 
selection 


00 : f(Xin)=400kHz 
> {(Xin) =800kHz 


(Xj) =1. 6MHz 
> (Xin) =3. 2MHz 





Fig.11 Structure of the DTMF register 


Table 2 Accuracy of DTMF output (at low frequency band value) 


Standard frequency value [Hz] Output frequency value [Hz] Deflection Error [%] 



















52 
238, 97 


Table 3 Accuracy of DTMF output (at high frequency band value) | | 
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LCD CONTROLLER/DRIVER 
The M37415M4-XXXFP has internal LCD controllers and 


drivers. A block diagram of LCD circuit is shown in BIgUIe 


15. 


segments pin.. SEGo4~ SEG3, are in common with input P4. 
These pins are selected by bit 4 of the LCD mode register 
(LMy, address 00F5;,.). Two biases (1/2 and 1/3)can also 
be selected. When bit 2 of the LCD mode register is “1”, 1/2 
_ bias is selected. When bit 2 is “0”, 1/3 bias is selected. A 
1/2, 1/3, or 1/4 duty cycle can also be selected. When bits 
O and 1 of the LCD mode register (LMo, LM;) is n, the duty 
ratio is 1/(n+1). 


Address 00D0,¢~ O0DF 4g i is the designated RAM for the ; 


LCD display. When 1s’ are written to these addresses, the 
corresponding segments of the LCD display panel are 
turned on. A map of the LCD display RAM is shown in Fi- 


gure 13. The ON/OFF function for the LCD controller is | 


controlled by bit 3 of the LCD mode register (LM3). When 
_ this bit is “1” all the segments of the LCD are turned on. 
When this bit is “O” all the segments are turned off. An ex- 
’ ample circuit for each bias is shown in Figure 14 Figure 16 
and Figure 17 describes the LCD driver waveforms for 
each bias and duty cycle. | 

The LCDCK timing frequency (LCD driver timing) is 
generated internally and the frame frequency can be deter- 
mined with the following equation; 


(frequency of timer 1 count source) 


WEEP Gh) ((timer 1 setting+1)4) 
(LCD | 
Frame frequency=1+SRCK) - at 1/h duty 
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The terminals for LCD consist of 4 common-pin and 32. 


LCD mode sagiate: 
(Address 00F5,,) 


ss ratio selection bit 
: 1/2 duty 
ic - 1/3 duty 
1: 1/4 duty 


Bias selection bit 
0: 1/3 bias 
1: 1/2 bias ~ 


LCD turn on bit 
0: OFF 
1: ON 


P4/LCD segment selection 
bit 
0 : P4g~P4; (input port) 
ile SEGo4~ SEG3; 
(segment output) 


Xcour drive ability selection 
0: High bit 
1: Low 


System clock ¢ selection bit 
0: X/4 
12 Xe/2 





Fig.12 Structure of the LCD mode register 
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Ppa at at [at fat | 20 | 20 | 20 20 
22 





* Number in data memory area indicates corresponding segment. 


Fig. 13 Map of RAM for LCD segment 


1/3 bias Se 1/2 bias “Cp 


bright control Vr & bright control Vr 3 i 


LCD turn on bit LCD turn on bit 


(bit 3 of LCD : . (bit 3 of LCD + 
mode register) mode register) 
. | ar ae | 


R,=R2=R3 


: The voltage for LCD bias (Vi, Vi2, Vig) are determined by internal voltage divided resistors. 


: The voltage of V,;, and V2 are switched as following Fig. 16 automatically by bit 2 of LCD mode register. 


: The current of the internal voltage divided resistors that are through by bit 3 of LCD mode register are controlled by internal 
transistor. When the LCD are turned on, the internal transistor is turened on, and the transistor is turned off auto-matically, 
if the LCD are turned off. . 





Fig.14 Example of circuit at 1/3 bias, 1/2 bias 
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Fig.15 Block diagram of LCD control circuit 
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Internal logic 


Leock timing “Lo LS US US LS US US LL 












































1/4 duty Voltage level 
oan 
L27 Y¥L1 
COM g oq LL.” Ves 
COM, ae a f | 
COM3 a 7 
: Vss 
OFF ON OFF . ON 
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Fig.16 LCD drive waveform (at 1/2 bias) 
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Fig.17 LCD drive waveform (at 1/3 bias) 
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KEY ON WAKE UP 

“Key on wake up” is one way of returning from a power 
down state caused by the STP or WIT instruction. If any ter- 
minal of port P2 has a “L” level applied, after bit 7 of the 
serial |/O mode register (SM,) is set to “1”, an interrupt is 
generated and the microcomputer is returned to the normal 
operating state. As shown in Figure 18, a key matrix can be 
connected to port P2 and-the microcomputer can be re- 
tuned to a normal state by pushing any key. 


The key on wake up interrupt is common with the INT» in- 
terrupt. When SM; is set to “1”, the key on wake up func- 
tion is selected. However, key on wake up cannot be used 
in the normal operating state. When the microcomputer is in 
the normal operating state, both key on wake up and INT> 
are invalid. 


In order to enter the power down state generated by the 


STP or WIT instruction at the interrupt disable flag (1) is “0” 
and SM; is “1”, all of port P2 must be input “H” 


an Port P3. 
directional register 
__ | |(Note 1 ) 
P3,/INT» | 
e 7) 








Port P27 
directional 
register 


> 
| 
! 








Lp 








CPU stop state signal 


Port P2, 
“Tenors 1) directional regiter 


Port P3. data read circuit 





INT. interrupt 


DD 







request signal 


Port P2 data read circuit 





eae P2i ch 
Port P2, 
[fet 1) directional register 
Jie P2, | | 
S O ( }—+ Ip 


Port PX 
r “L” level output 





Note 1 : Pull-up transistor (mask option) 





Fig.18 Block diagram of port P2 and P32, and example of wired at used key on wake up. 
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RESET CIRCUIT | 

The M37415M4-XXXFP is reset according to the sequence 
shown in Figure 21. It starts the program from the address 
formed by using the content of address 3FFFi., as the high 
order address and the content of the address 3FFFi. as the 
low order address, when the RESET pin is held at “L” level 
for at least 8 rising edges of Xjy while the power voltage is 


~ 











-Address 


Port PO directional register (O00E1,,) 


-_— 
_ 
~~ 







(2) Port P1 directional register — (00E3,¢) [005 ~~ 
(3) Port p2 directional register  (00E5,,) [005 Si 
(4) Port P3 directional register  (00E9,¢) 
(5) DTMF register (00F4,,) 
(6) LCD mode register * (OOFS;¢) 
(7) Serial I/O mode register (00F6,.) 


Timer 4, 5 mode register (00F8,,)/O}O;olo{ | | | | 


Interrupt contro! register (OOFE;¢) 
Timer control register (OOFFi.) 
Interrupt disable flag for (PS)L_ITT | tit t | 


processor status register 


12 ; Contents of 
(12) Program counter (PCH)! address 3FFFy¢ 
Contents of 
(PC.)) address 3FFE1, 
Note : Since the contents of both registers other than 
those listed above (including timers and the serial 


I/O register) and the RAM are undefined at reset, it 
is necessary to set initial values. 





aia ——~ Deli 
—~ oO (oe) 
© 
— Ss wr 






— 
— 
_ 

= 








Fig.19° Internal state of microcomputer at reset 


RESET 


Internal 
RESET 


SYNC 


| See 


in the recommended oprating condition and the crystal 
oscillator oscillation is stable and then returned to “H” level. 
The internal initializations following reset are shown in Fig- . 
ure 19. 

An example of the reset circuit is shown in Figure 20. — 
When the power on reset is used, the RESET pic must be 
held “L” unitil the oscillation of X;y-Xoy7 becomes stable. 


M37415M4-XXXFP 





Fig.20 Example of reset circuit 


Reset address from the 


Data (XK? KrcnKea. Kes WA. KADY pees 


8~12 clock cycles 


Note 1: Frequency relation of f(Xin) and dis f(Xiy) =4°¢. 
Note 2: The mark “?” means that the address is change- 
able depending upon the previous state. 


Fig.21 Timing diagram at reset 
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/O PORTS 


(1) 


Port PO 

Port PO is an 8-bit I/O port with CMOS outputs and 
pull-up transistor options available. As shown in Figure 
1, PO can be accessed as memory through zero page 
address QOEO,,. Port PO’s directional register allows 
each bit to be programmed individually as input or out- 
put. The directional register (zero page address 
00E1,,) can be programmed as input with “0”, or as 
output with “1”. When in the output mode, the data to 
be output is latched to the port register and output. 
When data is read from the output port, the output pin 
level is not read, only the latched data of the port reg- 
ister is read. Therefore, a previously output value can 
be read correctly even though the output voltage level 
has been shifted up or down. Port pins set as input are 
in the high impedance state so the signal level can be 
read. When data is written into the input port, the data 
is latched only to the output register and the pin still 
remains in the high impedance state. . 

Port P1 

Port P1 has the same function as PO. 

Port P2 

Port P2 has the same function as PO. Following the ex- 
ecution of STP or WIT instruction. P2 can be used to 
generate the “wake up mode”. This mode is used to 
bring the microcomputer back in its normal oprating 
mode after being in the power-down made. 

Port P3 

Port P3 has the same function as PO execept that part 
of P3 is common with the serial I/O lines (ie. output of 
timer 3, input/output of timer clock, and_ interrupt 


input). 


(5) 


(6) 


Segment output (SEG »~ SEG,3) 

These ports drive and control the LCD segments. 

Port P4 | | 

Port P4 is an 8-bit input port which can be used as a 
LCD segment output port. . 

Common output (COMp~COMs3) 

These port provides output drive and control for the 
LCD common lines. 


Power supply for LCD (V,) 


Supplies power to the LCD terminals. 

INT, 

The INT, pin is an interrupt pin. The INT, interrupt re- 
quest bit (bit 7 of address OOFE;,) is set to “1” when 
the input level of this pin changes from “H” to “L”. This 
input level is read into bit 1 of the timer 4 and 5 mode 
register (address 00F8,,). 

INT2 (INT2/P32) 

The INT» pin is an interrupt input pin common with P35. | 
When P3,’s directional register is set for input (“0”) , 
this pin can be used as an interrupt input. The INT» in- 
terrupt request bit (bit 1 of address OOFE,,) is auto- 
matically set to “1” when the input level of this pin ~ 
changes from “H” to “L”. 

CNTR | 

The CNTR pin is an I/O pin of timer 4 and 5. The input 
level is read into bit O of the timer 4 and 5’s mode reg- 
ister (address 00F8,,). | 
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Ports PO, P1 Veco Voc 









Directional 
register 





Tr1 (mask option) 


ae Ports PO, P1 
ata bus 


Q) 
4 





Tr1 is pull-up transistor (mask option) 


Vec Voc 


Ports P2, P3. 






Directional 
register 


: Port latch | 


interrupt control circuit. 












Tr2 (mask option) 


Data ‘bus Ports P2, P32 






-Ports P35, P3,, P33, P33, P3., P37 Voc , Voc 


Directional 


o register : 
z Port latch 












Ports P85, P3;, P33, 


Data bus P3,, P35, P37 






Tr3 is pull-up transistor (mask option) 


Fig.22 Block diagram of ports PO~P3 





ps : MITSUBISHI 
eae | | | ELECTRIC 


| MITSUBISHI MICROCOMPUTERS 


M37415M4-XXXFP 


SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 





O ‘ V 
CMOS output te Vec 


4 mask option 
N-channel open drain output =, © 


Directional [? 
; Vec 
\) 7 sg 
ioe 


Port P3, 
Data bus Port latch a ° 


Port P35 


4 


Tr4 (mask option) | 


4 


Tr4 is pull-up transistor (mask option) 


Tr5 is P-channel output transistor (mask option) 


Port P4( SEG2,.~SEG3; ) 
Vis 





aan! : a Voc. | 
RESET jb | | 
é | J 
Tr6 (mask option) 









LM, 


CNTR 


Timer control 
circuit and 
timer 4,5 


Tr6 is pull-up transistor (mask option only for M50932-XXXFP) 


Interrupt control circuit 





Fig.23 Block diagram of ports P3, P4, CNTR, and INT, 
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CLOCK GENERATING CIRCUIT — 

The M37415M4-XXXFP has two internal clock generating 
circuit. Figure 26 shows a block diagram of the clock 
generating circuit. Normally, the frequency applied to the 
clock input pin Xi, divided by four is used as the internal 
clock (timing output) ¢. Bit 7 of LCD mode register can be 
used to switch the internal clock¢ to 1/2 the frequency ap- 
plied to the clock input pin Xo. | 

Figure 24 shows.a circuit example using a ceramic (or 
cystal) oscillator. Use the ‘manufacture’s recommended 
values for constants such as Capacitance which will differ 
’ depending on each oscillator. When using an external clock 
signal, input form the Xjy (Xcin) pin and leave the Xouyr ( 
Xcour) pin open. A circuit example is shown in Figure 25. 
The M37415M4-XXXFP has two low power dissipation mod- 
es; stop and wait. The microcomputer enters a stop mode 
when the STP instruction is executed. The oscillator (both 
Xin clock and Xo clock) stops with the internal clock ¢ 
held at “H” level. In this case timer 1 and timer 2 are forc- 
| ibly connected and ¢/4 is selected as timer 1 input. Before 
executing the STP instruction, appropriate values must be 
set in timer 1 and timer 2 to enable the oscillator to stabil- 
ize when restarting oscillation. Before executing the STP 
instruction, the timer 1 count stop bit must be set to supply 
(“0”) , timer 1 interrupt enable bit and timer 2 interrupt 
enablb bit must be set to disable (“0”), and timer 2 .inter- 
rupt request bit must be set to no request (“0”). 


Oscillation is resarted (release the stop mode) when INT, - 


INTs, key on wake up or serial |/O interrupt is received. 
The interrupt enaable bit of the interrupt used to release 
the stop mode must be set to “1”, When restarting oscilla- 
tion with an interrupt, the internal clock ¢ is held “H” unitil 
timer 2 overflows and is not supplied to the CPU. When 
oscillation is restarted by reset, “L” level must be kept to 


the RESET pin unitil the oscillattion stabilizes because no — 


wait timer is generated. a 

The microcomputer enters a wait mode when the WIT in- 
struction is executed. The internal clock ¢ stops at “H” 
level, but the oscillator does not stop. ¢ is re-supplied (wait 
mode release) when the microcomputer is reset or when it 
receives an interrupt. Instructions ‘can be executed im- 


mediately because the oscillator is not stopped. The inter- . 


- rupt enable bit of the interrupt used to reset the wait mode 
must be set to “1” before executing the WIT instruction. 


Low power disspation operation is also achieved when the - 


_ Xin clock is stopped and tte internal clock ¢is generated 
from the Xcin clock. Xin clock oscillation is stopped when 
the bit 6 of serial 1/O mode register (address O0F6,,) is set 
and restarted when it is cleared. However, the wait time 
until the oscillation stabilizes must be generated with a 
program when restaring. An “L” level must be kept to the 
RESET pin until the oscillation stabilizes when resetting 
while the Xj clock is stopped. Figure 27 shows the transi- 
tion states for the system clock. - 





M37415M4-XXXFP 


Xin Xout Xcin 


Pilg. Pile i 





Fig.24 External ceramic resonator circuit 


M37415M4-XXXFP_ 
Xin Xcour - Xcin. Xcour 


26 


External OPEN External OPEN 
oscillating oscillating 
circuit circuit or 
. external pulses 


Vss } Vss 


Fig.25 External clock input circuit y 
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Xcin Xcout 


SMg 
LM; 








Timer | Timer 2 
















Internal system 
Unsystem clock clock source 


operation SMg selection LM, 


Timer 1 


count source 
selection TMs 








Timing ¢ 
(internal clock) 


Q S , Ss QtH— Q S 
Reset 


WIT R 


R STP instruction R 


instruction 


STP 
instruction 


C Reset 


O interne INT, interrupt enable 
disable INT, interrupt Request 
_ flag | 


Timer 1 interrupt enable 
Timer 1 interrupt request 


Timer 2 interrupt enable 
Timer 2 interrupt request 


Timer 3 interrupt enable 
(or serial |/O) | 
Timer 3 interrupt request 
(or serial I/O) 


INT2 interrupt enable 
INT2 interrupt request 


AAAAA 


Fig.26 Block diagram of clock generating circuit 
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WIT instruction 


800KHz oscillation : 


800kHz oscillation STP instruction 800kHz oscillation stop 


32kHz oscillation sto 32kHz stop sche 
P 23. -P9, inaut Interrupt (Note 1) 32kHz oscillation stop 
¢=stop Interrupt oer iNp §ites 
Timers, LCD action ¢ =200kHz 
External External 
interrupt interrupt 
Serial I/O Serial |/O 
interrupt interrupt 
Timer interrupt — SMs=1] -|SMs=0 key on wake up 
keyon wake up (Note 2) SM.=0 


SM.s=1 




















; WIT instruction 


800Hz oscillation 800kHz oscillation STP instruction 800kHz oscillation stop 


; . . ' . i => 
ea a et 7 | 32kHz oscillation Interrupt 32kHz oscillation stop 
- Interrup =200 _ 
Timers, LCD action 2 é KHz ¢? =stop 


LM7=1 LM7=0 




















; , WIT instruction 
800kHz oscillation << 
32kHz oscillation 

¢ =stop 


Timers, LCD action 


STP instruction 
——$—<—<< 


Interrupt 


800kKHz oscillation 
32kHz oscillation 
¢ =16kHz 


800kHz oscillation stop 
32kHz oscillation stop 


¢ =stop 
Interrupt 


SMe=0| | SMe=1. (Note 2) 




















WIT instruction 
<——— 





800kHz stop 

32kHz oscillation 
¢:=stop 

Timers, LCD action 


800kHz oscillation stop STP instruction 


OO SOS 


800kHz oscillation stop 
~ 32kHz oscillation 


¢ =16kHz 


32kHz oscillation stop 


Interrupt ¢ =stop 


interrupt 


Note 1 : At the end of STP instruction, wait time occurs automatically by connection of timers 1 and 2 and changing sys- 
~* tem clock. This time is set by program. — | 
2 2 When SM,g=1 and unsystem clock is operated, wait time necessary by program until ‘oscillation becomes 
stable. . : | | 
ee The case of example clock X=800kHz, clock X¢=32kHz. 


Fig.27 External clock input circuit 
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Return from clock function 


- Return from R AM backup function 


R AM backup function 
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<An example of flow for system> 


Power on reset 
Clock X oscillation 
Internal system clock start (X -1/4— ¢) 


Program start from RESET vector::-:-+-*++-- Xc oscillation(SMs= 1, SMe= 1 ) 


Normal program Operating at 4 MHz 


Clock for clock function X_ power down (LM, : 0-1 ) 

Internal clock ¢ source switching X(800KHz)—Xo¢ (32. 768KHz)(LM7: O—1 ) 
Clock X halt(X, in operation) (SM, : 0 ) 

Internal clock SECU instruction) 

Timer 1 (clock count) overflow 


Internal clock operation start (WIT instruction released) 
Clock processing routine + Operating at 32. 768kHz 


Internal clock halt (WIT instruction) 

Interrupts from INT, timer 2, timer 3 or serial I/O, INTo, Key on wake up 
Internal clock operation start (WIT instruction released) 

Program start ar interrupt vector 


Unsystem clock X oscillation start (SM. : 1 ) 


Oscillation rise time routine (software) Operating at 32. 768kHz 


Internal clock ¢ source switching (Xo-*X)(LM7: 1-0) | 


Normal program —Operating at 800kHz 


STP instruction preparation (pushing register ) 


| 





Timer I and timer 2 interrupt disable, timer 2 interrupt request no request (TMg = 0, IMs = 0, IM4= 0 ) 


Timer jecun stop bit resetting( TMs = 0 ) 


Clock X and clock for clock function Xo halt (STP instruction) 


RAM backup status 








Interrupts from INT, or serial 1/O, INT2, Key on wake up 
Clock X and clock for clock function Xo oscillation start 


Timer 2 overflow (X/16 or X-/8—timer 1 timer 2 ) 
(Automatically connected by the hardware) 


Internal system clock start (X/4 or Xo/2— ¢) 


Program start from interrupt vector 


Normal program 


{ 
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1. $: Xin/4—Xcin/2 (timing diagrams are shown situation A~C, because there are three kinds of waveform by the timing) 


Situation A | | 


x t+ LI LELILELILI Le 
(1—-LM;) R/W a a (cae Gane Daas 


Situation B | . ae 
ee ae eee Ce a a nee ee ae 
BN a 

| | 

SYNC es) | fee ee 


Situation C | 
Xin JUUUUUUUL 


24 p: Xoin/2 > Xin /4 


: . | 
= 7 - | 3 : , | 
(O-LM,7)R/W Se ee eed | | 


Xcin 


Note 1 : The “L” period of the R/W signal is shown the writling timing of setting value to LM>. 
2: The delay of timing is ignored.. 


Fig.28 Timing diagram of the changing system clock 








: _§ MITSUBISHI 
ee ELECTRIC 


t 


MITSUBISHI MICROCOMPUTERS 


M37415M4-XXXFP 


SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 





PROGRAMMING NOTES 


(1) 
(2) 


(3) 


(7) 


(8) 


@ When system clock is changed X;nx/4 to Kee set 


The frequency ratio of the timer is 1/(n-+1). 

Even though the BBC and BBS instructions are ex- 
ecuted after the interrupt request bits are modified (by 
the program), those instruction are only valid for the 
contents before the modifications are only valid for:the 
contents before the modification. Also, at least one in- 
struction cycle must be used (such as a NOP) be- 
tween the modification of the interrupt request bits and 
the execution of the BBC and BBS instructions. 

When the timer 4 and the timer 5 are used at event 
counter mode, read the contents of these timers either 
while the input of the these timers are not changing or 
after timer 4, 5 count stop bit (bit 6 of address 00F8,.) 
is setto “1”. 

Also, when the timer 1, timer 2, or timer 3 is input the 
clock except ¢/4 or it divided by timer, control the 
same as above. | 


After the ADC and SBC instructions are executed (in 


decimal mode), one instruction cycle (such as a NOP) 
is needed before the SEC, CLC, or CLD instructions 
are executed. | . 
A NOP instruction must be used after the execution of 
a PLP instruction. | : 
When LCD turn-on bit (bit 3 of address 00F5,,) of the 
LCD mode register is “1”, don’t stop the timers or 
count source for timers. 7 

The timer 1 and timer 2 must be set the necessary 


value immediately before the execution of a STP in- 


struction. 
Notes on controlling the clock generation circuit 


LM; to “1” after oscillation is stable by the software 
in side of clock Xc. 


@ When system clock is changed Xcin/2 to Xi/4, set 


LM, to “0” after oscillation is stable by the software 
in side of clock X. . 


@ When SMsz is “O” or when LM7 is “0” and SMg is “0”, 


LMg is automatically set to “O” by the hardware. 


@ When system clock selection bit (bit 7 of address 


OOF5,¢) of the LCD mode register is “1”, don’t set 
SMsz to “0”. . 


Just for reference, timing diagram of the changing system 
clock are shown in Figure 28. 


DATA REQUIRED FOR MASK ORDERING 
Please send the following data for mask orders. 

(1) mask ROM confirmation from 

(2) mark specification from 

(3) =¥@) \V Ine f-\ ¢- eee enn EPROM 3 sets 
Write the following option on the mask ROM confirmation 
from . 

* Port PO pull-up transistor bit (see the confirmation form) 


_ © Port P1 pull-up transistor bit (see the confirmation form) 


¢ Port P2 pull-up transistor bit (see the confirmation form) 
* Port P3 pull-up transistor bit (see the confirmation form) 
* Port P3s/Soyr output type (see the confirmation form) | 

* CNTR pin pull up transistor (see the confirmation form) 
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DESCRIPTION | 

The M37450M2-XXXSP/FP ‘is a single-chip microcomputer 
designed with CMOS sillicon gate technology. It is housed 
in a 64-pin shrink plastic molded DIP or an 80-pin plastic 
molded QFP. . 

In addition to its simple instruction sets, the ROM, RAM, 


and |/O addresses are placed on the same memory map to 


enable easy programming. 


It is suited for office automation equipment and control de- - 


vices. The low power consumption made by the use of a 


CMOS process makes it especially suitable for battery po- | 


wered devices requiring low power consumption. It also 
has a unique feature that enables it to be used as a slave 
microcomputer. 

The differences among M37450M2-XXXSP/FP, M37450M4- 
XXXSP/FP and M37450M8-XXXSP/FP are as shown below. 
The descriptions that follow describe the M37450M2- 
XXXSP/FP unless otherwise noted. 





M37450M2-XXXSP/FP 4096 bytes 128 bytes 
M37450M4-XXXSP/FP 8192 bytes © 256 bytes 









The number of analog input pins for the 80-pin model (FP 
version) is different from the 64-pin model (SP version). In 
addition, the 80-pin model has special pins for RD, WR, 
RESETour, DAVrer, ADVrer, AVcc and the 64-pin model. 
has a special Vper pin. 


DISTINCTIVE FEATURES | 

oe Number of ‘basic instructions eee meee cece eters eseresresessasess 71 
69 MELPS 740 basic instructions+2 multiply/divide 
instructions = 

© Instruction execution time 


(Shortest instruction at 10MHz) sre 0.88 (min.) 
e Single power Supply eserattecewta tes tore ear nee BN E1070 
@ Power dissipation normal operation mode 
(at 10MHz frequency) Ceased aah een gene ete eea Seer ky's » 830mWwW 
@ Subroutine nesting --*:::: “+++ 64 levels max.(M37450M2) 
T) Interrupts or ri i i 15 events 
@ Master CPU bus interface ee ee 1 byte 
@ 16-bit timer au See ennecnaeenemeaene alts, Mice tetra amimue-augies 3 
© 8-bit timer (Serial I/O USE) crrrececeecs et eeeeeteteteeeseeeeeeeees 1 
© Serial 1/O (UART or clock synchronous) «rrr 1 
@ A-D converter (8-bit resolution) --:------ 3 channels (DIP) 
| | , 8 channels (QFP) 
@ D-A converter (8-bit resolution) ---77777--77 2 channels 
@ PWM output (8 bit or 16 bit) is egos Made we REE Rodel bomen Sameer 1° 
@ Programmable I/O . 
(Ports. PO, P1, P2, P3, P5, PG) sicrrrrerrreeeteeeeteeeeeeeets 4 
@ Input (Port P4) vq eeeUNG Ap emee sie sedinnaaueedaueee 3(DIP), 8(QFP) 
e Output (Port D-A;, D-A>) eens tie dedeticnd eda dee gece Me hedaes 2 
APPLICATION 


Slave controller for PPCs, facsimiles, and page printers. 
HDD, optical disk, inverter, and industrial motor controllers. 
Industrial robots and machines. . 


_M37450M2-XXXSP/FP,M37450M4-XXXSP/FP 


SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 


- 1M37450M8-XXXSP/FP 16384 bytes - 984 bytes. 
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PIN CONFIGURATION (TOP VIEW) 





P37/Sapy + 64] Voc 
P36/Scik ** AVss ’ 














P3;/TxD — Vrer Reference voltage input 
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Read/Write’ oo INT ed er a ts 
status output =. R/W + 40] ++ P2o/Doy 
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signal output 
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Reset input RESET — ++ P2,/D3 
1/0 port P2 
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64] <— P4,/AN, 
63] <— P4,/AN> 
<< P4,3/AN3 
6t}+- P4,/AN, — 


P5./DBg + LS! _ (60) — P4s/ANs 
P5;/DBs + L6| + P4e/ANg 


P5,/DB, + = P4,/AN;, 
P53/DB, + [8] > P0o/Ao 
P5./DB, + [3] 56] +> PO0,/A, 
P5,/DB, + 1} +> P02/A2 
P59/DBy + [il + P0s/Ay 
P6,/W + 53] +> PO4/Ag 


P6./R > ++ P0</A; 
P6;/CS + [14] 51] <> PO¢/Ag 


50] +> P07/A7 3 
49} +> P1/Ag 
48] +> P1,/Ag 
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Outline 80P6 


. NC : No Connection 











2—564 


, MITSUBISHI 
WA ELECTRIC 


-91N.LO0373 } 
IHSIGNSLIW 


Sood 





M37450M2-XXXFP BLOCK DIAGRAM 





Clock Clock Timing Reset Reset 
input output output input output ge ee (5V) (OV) 
Xn  Mour ¢ RESET RESETour WR RD R/W SYNC Neus Wee 





Data bus 













= fos) | 
Timer 1 latch eet 
(16) (8) 
= 5 
2 imer 2 latch 
] 6 Instruction 
decoder 


Control signal 


= 
oO 
= 
ek 


! 


Clock generating E ia 
circuit 

RAM Program } Program 

; counter | counter 

128 PCH(8) | PCL(8) 

; a 


| 


i i 
dy 
; 


I 


i 
Lt 


ROM 


4096 
byte 


i 


hs 


[ 
sed) 


A 
oS 


-—_ 

Qe 
_ 
fo) 

— 











Pulse width 
modulator 


I 


3 
-—~O 


| 
i 







Processor 
status 

register 
PS(8) 






Multi- 
plier/ 


Index 
register 


Index 
register 


Stack 
Pointer 
s(8) divider 


~_ 5 OE 

Interrupt i 

control eons 
—s, es 
2+ IBF,OBE P+ 

Bus A-D D-A ; 

etice ||| cfeamene) | | Lecmbned[ se! vo 

TKI oR . . eel RATT AAT ita Hane EEA 
, 1 Mit | te Jy 


ry wa 
aie cay tee 


CNHNMICOMAD— —- —OOODOMDIM I AED COEEGIOENEID CIES 



















| OED OEE AR5) 45) GOAHAIED OOS NED EIEN 


1/0 port P6 1/0 port P5 / 1 avss Input pot P4 | : At 1/0 port P3 1/0 port 1/0 port P1 1/0 port PO 
F -A2 
AVcc DAVrer 


Note 1 : 256 bytes for M37450M4-XXXFP and 384 bytes for M37450M8-XXXFP. 
2: 8192 bytés for M37450M4-XXXFP and 16384 bytes for M37450M8-XXXFP. 





ca aan a ee ~ —@ --@@— - ——_ - ——_ - —___ - —____- ____- 


eat 
tre WUT TUT 
Pe it _ 
S28 tit GBiBQB5COBHBBBIO) 4214344) 52 5G6%57— 25) Sea 
P2 


YALNdUWODONUDIW SOW) LIS-8 dIHD-ATINIS 


dAi/dSXXX-S8SINOS?PZEW 





di/dSXXX-PINOSPZEW dj/dSXXX-CINOSPZEW 


SUALNdWODOUDIN IHSISNSLIW | 


g95—c 


91NL903713 | 
IHSISNS.LIW r) 





M37450M2-XXXSP BLOCK DIAGRAM 


Clock Clock Timing Reset , 
input output output input = (5v) (ov) 
: Xin Xout : y RESET R/ SYNC Vss Vss 













Data bus . 





i ; Instructi 
fal) sme Timer 1 latchK——— saieer 
Program: Program jf. ees 16) a : 
counter | counter ce a ee 
PCH(8) J PCL(8) eS =6Timer 2 ; ch vail ; 


Instruction 
. decoder 
eoty Pulse width 
index Index Stack ¢——¥ modulator 
register register pointer 


Control signal 
—s | as | 
us interface Serial 1/O : 
fe converter e : 
A MA , Tt A A ; 



























| _____\__] 
me jo Ld Pf uae uy ys 
TTT Genesee pas TIME tote 
r,s bh) ab 
= dehebchcreaee GNM NMHNNI—GECI- - —GIEIEI-- - — GG) DODO GOD ACROCT EHD AVENTADEEEADGD)-CNGOENEIEIENEHEO—@ 
ee Ae DA, a ee ee ee CNV 
I/O port P6. 1/O port P5 Vrer Input portP4 D-A, I/O port P3 I/O port P2 I/O port P1 1/O port PO 


Note 1 : 256 bytes for M37450M4-XXXSP and 384 bytes for M37450M8-XXXSP. 
2 : -8192 bytes for M37450M4-XXXSP and 16384 bytes for M37450M8-XXXSP. 


i 


UaLNdNODOUDIN SOW) LId-8 dIHO-3 TONIS 


di/dSXXX-SINOSPZEWN 


dj/dSXXX-PINOSPZEI ‘d4j/dSXXX-ZINOSPZEW 


SUaLNdWODOUDIN IHSISNS.LIW 


MITSUBISHI MICROCOMPUTERS | 


M37450M2-XXXSP/FP,M37450M4-XXXSP/FP 
| | M37450M8-XXXSP/FP 


SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 





FUNCTIONS OF M37450M2-XXXSP/FP, M37450M4-XXXSP/FP, M37450M8-XXXSP/FP 


Number of basic instructions 71(69 MELPS 740 basic instructions+2) 
Instruction excution time _ 0.88 (minimum instructions, at-10MHz of frequency) 





















Clock frequency 10MHz (max.) 
4096 bytes 


M37450M2-XXXSP/FP 


128 bytes 


Memory size M37450M4-XXXSP/FP 


a 
‘input S* I (OBI or BO-pin mode) ~——SCSC~C~“~*~*~S*~S~S~S~*S 
1 


16-bit timerX3 
Timers 
8-bit timer (serial I/O baud rate generator) X1 


PO~P3, P5, P6 
Input/Output port 


P|. 





‘Pulse width modulator 8-bit or 16-bitX14 
Data bus buffer 1-byte input and output each 


64-levels (max. for M37450M2) 
Subroutine nesting : 
96-levels (max. for M37450M4, M37450M8) 
6 external interrupts, 8 internal interrupts 
Interrupts : 
1 software interrupt 


Clock generating circuit Built-in (ceramic or quarts crystal oscillator) 











Supply voltage 5V+10% 
Power dissipation 30mW (at 10MHz frequency) 
Input/Output characters 
Output current +5mA (max.) 
Operating temperature range —10~70°C 
M37450M2-XXXSP 
M37450M4-XXXSP 
M37450M8-XXXSP 
Package 
M37450M2-XXXFP 
M37450M4-XXXFP 


M37450M8-XXXFP 










64-pin shrink plastic molded DIP 













80-pin plastic molded QFP 
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PIN DESCRIPTION : 


In ut/ 
Name P Functions 
~ Output 


cc Supply voltage Power supply inputs 5V+10% to Wad, and 0V to Vss._ 


= 1— Controls the processor mode of the chip. Normally deineated to Vss or Vee. 


To enter the reset state, the reset input pin must be kept at a “L” for more than 2us (under normal Vcc 
RESET Reset input. conditions). If more time is needed for the crystal oscillator to stabilize, this “L” condition should be main- 
tained for the required time. . 
Clock input Input This chip has.an internal clock generating circuit. To control generating frequency, an external ceramic or a 
quartz crystal oscillator is connected between the Xjy and Xour pins. If an external clock is used, the clock 
Clock output jo source should be connected to the Xin pin and the Xour pin should be left open. 
pe Timing output Outputs signal consisting of oscillating frequency divided by four. 


























SYNC. Synchronous This signal is output “Hy during operation code fetch and is used to control single stepping of programs. 
signal output 
R/W Read/Write This signal determines the direction of the data bus. It is “H” during read and “L” during write. 


status output 





PQ 9~P0O7 | I/O port PO Port PO is an 8-bit I/O port with directional registers allowing each I/O bit to be individually programmed as 
input or output. The output structure is CMOS output. The low-order bits of the address are output except 


in single-chip mode. 











Pio I/O port P1 


P29~P2; | !/O port P2 1/0 
P39~P37 | I/O port P3 1/0 
P49~P4, Input port P4 

(P4,>~P4,) 

P59~P57 | I/O port P5 1/0 


P69 om P67 


\ 
vU 
4 
N 


Port P1 is an 8-bit !/O port and has basically the same functions as port PO. The high-order bits of the 
address are output except in single-chip mode. 


Port P2 is an n 8- bit |/O port and has basically the same functions as- a PO. Used as data bus except in 
single-chip mode. 











Port P3 is an 8-bit 1/O port and has basically the same functions as port PO. Serial 1/O, PWM output or 
event I/O function can be selected with a program. 






Analog input pin for the A-D converter. The 64-pin model has three pins and the 80-pin' model has eight 
pins. They may also be used as digital input pins. 






Port PS is an 8-bit I/O port and has basically the same functions as port PO. This port functions as an 8-bit 
data bus for the master CPU when slave mode is selected with a program. 














Port P6 is an 8-bit 1/O port and has basically the same function as port PO. Pins P63~P67 change to a con- 
trol bus for the master CPU when slave mode is selected with a program. Pins P69~P6z may be program- 
med as external interrupt input pins. 





I/O port P6 


Reference voltage 
input 










VreF 






A-D reference 
voltage input 


D-A reference 
voltage input 


ADVrer 


DAVrer 


AVss Analog power supply 


AVcc 


‘Analog power supply 


Power supply input pin for A-D converter. This pin is for 80-pin model only. Same voltage as Vcc is applied. 
In the case of the 64-pin model, AVcc is connected to Vcc internally. ; 
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Input/ | 
P Functions 
Output 


Read signal Control signal output as active “L” when valid data is read from data bus. This pin is for 80-pin model only. 
output 





PIN DESCRIPTION 


Write signal Control signal output as active “L" when writing data from data bus to external component. This pin is for 
output 80-pin model only. , 


RESETour Reset output Control signal output as active “H” during reset. It is used as a reset output signal for peripheral compo- 
nents. This pin is for 80-pin model only. 
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BASIC FUNCTION BLOCKS 
MEMORY 


A memory map for the M37450M2-XXXSP/FP is shown in 


Figure 1. Addresses F0Q00;, to FFFFi, are assigned to the 
built-in ROM area which consists of 4096 bytes. | 
Address E000,, to FFFF,, are the ROM address area 
assigned to the M37450M4-XXXSP/FP. Addresses C000;, 
to FFFF,, are the ROM address area assigned to the 
M37450M8-XXXSP/FP. | | 
Addresses FFOO;, to FFFFig are a special address area 
(special page). By using the special page addressing 
mode of the JSR instruction, subroutines addressed on this 


page can be called with only 2 bytes. Addresses FFEQ;., to: 


FFFF,, are vector addresses used for the reset and inter- 
rupts (see interrupt section). Addresses 0000,5 to OOFF4¢ 


0000, 
RAM(128.bytes) 


. for 
RAM(192 bytes) M37450M2-XXXSP/FP 
for 
M37450M4-XXXSP/FP 
M37450M8-XXXSP/FP 


007F i¢ 


a 


RAM(64 bytes) 
RAM(192 bytes) | for 


for M37450M4-XXXSP/FP\013F 16 
01BFi¢ 


~ M37450M8-XXXSP/FP 


ROM 
(8K bytes) 


ROM(16K bytes) 
for 


M37450M8-XXXSP/FP 


ROM 


fo 
m3745om4 | (4K bytes) 
for — 


MXXSP/EP | 527 cents 
-XXXSP/FP 


Note 1 : 


Fig. 1 Memory map 


Interrupt vector area 





are the zero page address area. By using the zero page. 
addressing mode, this area can also be accessed with 2 
bytes. The use of these addressing methods will greatly re- 
duce the object size required. The RAM, !/O port, timer, 
etc., are assigned to this area. 

Addresses 0000,, to 007F,, are the RAM address area and 
consist of 128 bytes. 

Addresses 0000,, to O0BF 16 and 0100;, to 013F1¢ are the 
RAM address area assigned to the M37450M4-XXXSP/FP 
and consist of 192 bytes and 64 bytes respectively. 
Addresses 0000,;, to OOBF,,'and 0100;, to 0O1BFi, are the 
RAM address area assigned to the M387450M8-XXXSP/FP 
and consist of 192 bytes and 192 bytes respectively. 

In addition to data storage, this RAM is used for the stack 
during subroutine calls and interrupts. | 


Decimal 


Zero page 


SFR area 
(See Fig. 2) 


Not used 


Special page for 
subroutine call 


(See section 
on interrupt) 


Refrain from using this area because it is reserved for future expansion and system area extension. 
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0004 
codcs Pe register 


OOEDi1.6 
OOET16 


COE 


Fig. 2 SFR (Special Function Register) memory map 





) 


OOF2,¢| Timer 1 latch (low-order) 
OOF3,6] Timer 1 latch (high-order) 
00F4,¢| Timer 2 register (low-order 
OOF8,¢| Timer 3 register (low-order) 


OOF6,,¢| Timer 2 latch (low-order) 
( 


( ) 
OOF116| Timer 1 register (high-order) 
) 
( 
OOF716| Timer 2 latch (high-order) 
( 


-00F9,,| Timer 3 register (high-order) 


OOF 516 | Timer 2 register (high-order) 
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CENTRAL PROCESSING UNIT (CPU) 


The CPU consists of 6 registers and is shown in Figure 3. 


ACCUMULATOR (A) 

The 8-bit accumulator (A) is the main register of the micro- 
computer. Data operations such as data transfer, Input/Out- 
put, etc., are executed mainly through accumulator. 


INDEX REGISTER X (X) 

The index register X is an 8-bit register. 

In the index addressing mode, the value of the OPERAND- 
added to the contents of the register X, specifies the real 
address. When the T flag in the processor status register is. 
set to “1”, the ingex register X itself becomes the address 
for the second OPERAND. ~ 


INDEX REGISTER Y (Y) 


The index register Y is an 8-bit register. 


In the index addressing mode, the value of the OPERAND 


added to the contents of the register Y specifies the real 
address. 


Accumulator 


Index register X 


Index register Y 


| Stack pointer 


Program counter 


Fig. 3 Register structure 


STACK POINTER (S) 

The stack pointer (S) is an 8-bit register. It is used during 
subroutine calls and interrupts. 

When there is an interrupts, the high-order contents of the 
program counter is pushed into the address formed by set- 
ting the high-order eight bits to 00;, or 01,6 and the low- 
order eight bits to the content of the stack pointer. Next the 
stack pointer is decremented by one and the low-order 
content of the program counter is pushed into the address 
formed by setting the high-order eight bits to 00;, or Olig 
and the low-order eight bits to the content of the stack 
pointer. Then the stack pointer is again decremented by 


‘one, the content of the processor status register is pushed 


into the address formed by setting the high-order eight bits 
to 00;, or 01,;, and the low-order eight bits to the content of 
the stack pointer, and then the stack pointer is de-— 
cremented by one once more. Whether to set 001, or O14. 
in the high-order eight bits is determined by bit-7 at 


address OODF.. The high-order eight bits are set to 004¢ if 


bit 7 at address OODF,, is “O” and to 014.6 if it is “1”. At re- 
set, it is set to “O”, then can be changed by program. For 
M37450M2-XXXSP/FP, bit 7 at address OODF;, must be “0” 
because there is no RAM within “01” page. 

The push operation described above is performed auto-— 
matically when an interrupt occurs. The RTI instruction is 
used to return from an interrupt routine. . | 


\ 


7 0 
sfvirfelo{ itz tc | Processor status register 


Carry flag 


Zero flag 


Interrupt disable flag 


- Decimal mode flag 
Break flag 
Index X mode flag 
Overflow flag 


Negative flag 
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When an RTI instruction is executed, control is returned by 
reversing the above operation while incrementing the stack 
pointer by one. The PHA instruction is used to push the 
accumulator because it is not saved automatically. When 
the PHA instruction is executed, the content of the accumu- 
lator is pushed into the address formed by setting the high- 
order eight bits to 00;, or 014, and the low-order eight bits 
to the content of the stack pointer. Then the content of the 
stack pointer is decremented by one. The PLA instruction 
is used to restore the accumulator. When the PLA instruc- 
tion is executed, the stack pointer is incremented by one 
and the content of the address formed by setting the high- 
order eight bits to 00;, or 01;, and the low-order eight bits 
to the content of the stack pointer is stored in the accumu- 


lator. The processor status register is pushed and restored | 


in the same manner with the PHP and PLP instructions. 
With subroutine calls, only the program counter is pushed. 
Therefore, registers that must be preserved must be 
pushed by the program. Use the RTS instruction to return 
from a subroutine. 


PROGRAM COUNTER (PC) 

The 16-bit program counter consists of two 8-bit registers 
PCy and PC,. The program counter is used to indicate the 
address of the next instruction to be executed. 


PROCESSOR STATUS REGISTER (PS) 

The processor status register is composed entirely of flags 
used to indicate the condition of the processor immediately 
after an operation. Branch operations can be performed by 
testing the Carry flag (C), Zero flag (Z), Overflow flag (V) 
or the Negative flag (N). Each bit of the register is ex- 
plained below. 


1. Carry flag (C) 

The carry flag contains the carry or borrow generated by 
the Arithmetic and Logical operation Unit (ALU) im- 
mediately after an operation. It also changed by the shift 
and rotate instructions. The set carry (SEC) and clear carry 
(CLC) instructions allow direct access for setting and 
clearing this flag. 


2. Zero flag (Z) 

This flag is used to indicate if the immediate operation 
generated a zero result or not. If the result is zero, the zero 
flag will be set to “1”. If the result is not zero, the zero flag 
will be set to “OQ”. 


3. Interrupt disable flag ( | ) 

This flag is used to disable all interrupts. This is accom- 

plished by setting the flag to “1”. When an interrupt, this 

flag is automatically set to “1” to prevent other interrupts 

from interfering until the current interrupt is compleated. 

The SEI and CLI instructions are used to set and clear this 
flag, respectively. 


4. Decimal mode flag (D) 


The decimal mode flag is used to define whether addition 


and subtraction are executed in binary or decimal. If the | 


decimal mode flag is set to “1”, the operations are ex- 
ecuted in decimal, if the flag is set to “O”, the operations 
are executed in binary. Decimal correction is automatically 
executed. The SED and CLD instructions are used to set 
and clear this flag, respectively. 


5. Break Flag B 

The operation of a BRK instruction is similar to an interrupt. 
The BRK instruction is a non-maskable software interrupt 
that is used during program debugging. The break flag can 
be checked only by checking the content of the processor 
status register (PS) saved during an interrupt. The content 
of the processor status register (PS) is saved after setting 


flag B to “1” when the BRK instruction is used as an inter-_ 


rupt. It is cleared to “O” for other interrupts. 


6. Index X mode flag (T) 

When the T flag is “1”, operations between memories are 
executed directly without passing through the accumulator. 
Operations between memories involving the accumulator 
are executed when the T flag is “O” (i.e., operation results 
between memories 1 and 2 are stored in the accumulator). 
The address of memory 1 is specified by the contents of 
the index register X, and that of memory 2 is specified by 
the normal addressing mode. The SET and CLT instructions 
are used to set and clear the index X mode flag, respec- 
tively. 


7. Overflow flag (V) 


The overflow flag functions when one byte is added or sub-: 
tracted as a singed binary number. When the result ex- 
ceeds +127 or —128, the overflow flag is set to “1”. When 


the BIT instruction is executed, bit 6 of the memory location . 


is input to the overflow flag. The overflow flag is reset by 
the CLV instruction and there is no set instruction. 


8. Negative’ flag (N) 

The negative flag is set whenever the result of a data trans- 
fer or operation is negative (bit 7 is set to “1”). Whenever 
the BIT instruction is executed, bit 7 of the memory location 
is input to the negative flag. There are no instructions for 
directrly setting or resetting the negative flag. 
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INTERRUPTS a 


Interrupts can be caused by 15 different events consisting 
of six external, eight internal, and one software event. | 
Interrupts are vectored interrupts with priorities shown in 
Table 1. Reset is also included in the table because its op- 
eration is similar to an interrupt. | 

When an interrupt is accepted, the registers are pushed as 
described in the stack pointer (S) section above, interrupt 
inhibit flag | is set, and the program jumps to the address 
specified in the vector table. The interrupt request flag is 
cleared automatically. The reset and BRK instruction inter- 
rupt can never be inhibited. Other interrupts are disabled 
when the interrupt inhibit flag is set. 


Table 1. Interrupt vector address and priority. 











Primer 8 interrupt 








3 
JEVe interrupt | 


12 
13 
14 
15 


Fra Fe 
DFR te Fe | 
[Frere FFE | 


FFEDi6, 
FFEBie, 


a eS, OE ne ie all 


All interrupts except the BRK instruction interrupt have an 
interrupt request bit and an interrupt enable bit. The inter- 
rupt request bits are in interrupt request registers 1 and 2. 
and the interrupt enable bits are in interrupt control regis-— 
ters 1 and 2. Figure 4 shows the structure of the interrupt 
request registers 1 and 2 and interrupt control registers 1 
and 2. | | | 

Interrupts other than the BRK instruction interrupt and reset. 
are accepted when the interrupt enable bit is “1”, interrupt 
request bit is “1”, and the interrupt inhibit bit is “O”. The in- 
terrupt request bit can be reset with a program, but not set. 
The interrupt enable bit can be set and reset with a 
program. . 


‘Reset is treated as a non-maskable interrupt with the high- 


est priority. Figure 5 shows interrupts control. 











FFECi6 
FFEAi., 


External event interrupt (phase programmable) 
External event interrupt (phase programmable) 
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Interrupt request register 1 
(address 00FC;¢) 


Input buffer full interrupt 
request bit 


Output buffer empty interrupt 
request bit 
INT, interrupt request bit 


INT2 interrupt request bit 


INT3 interrupt request bit 
Timer 1 interrupt request bit 
Timer 2 interrupt request bit 


Timer 3 interrupt request bit ‘ 


Interrupt control register 1 
(address O0FE;,) 


Input buffer full interrupt 
enable bit 
Output buffer empty interrupt 


enable bit 
INT, interrupt enable bit 


INT, interrupt enable bit 
INT 3 interrupt enable bit 
Timer 1 interrupt enable bit 
Timer 2 interrupt enable bit 


0: 


Timer 3 interrupt enable bit { 


Fig. 4 Structure of registers related to interrupt 


‘Interrupt request bit 


Interrupt enable bit 


Interrupt inhibit flag | 


0: 


Interrupt request register 2 
(address OOFD,,) 


EV, interrupt request bit 

EV. interrupt request bit 

EV; interrupt request bit» 

Serial I/O receive interrupt request bit 
Serial I/O transmit interrupt request bit 


A-D conversion completion interrupt 
' request bit 


Interrupt disable 
: Interrupt requested 


Interrupt control register 2 
(address OOFF,.) 


EV, interrupt enable bit 


EV. interrupt enable bit 


EV; interrupt enable bit 
Serial |/O receive interrupt enable bit 
Serial I/O transmit interrupt enable bit 


A-D conversion completion interrupt 
enable bit 


Interrupt disable 
: Interrupt enabled 


BRK instruction Interrupt request 


reset 


Fig. 5 Interrupt control 
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TIMER 
The M37450 has three dependent 16-bit internal timers | 
as shown in Figure 6. | Timer i control register (i=1,2,3) 
The timers are controlled by the timer i control register j=: * Timer 1 control register (address OOED4.) 
Timer 2 control register (address 00EE,.¢ 

1, 2, 3) and MISRG1 shown in Figure 7 and 8. Timer 3 control register(address OOEF;.) 
The timer and the timer latch are independent of each Tima nied eslaeion bit 
other and a value must be written in both when setting a 000: 16-bit timer mode 

: 001: Event count mode 
timer. . 010: Pulse output mode 
A write to a timer is performed in the order of T, to Ty after 011: Pulse period measurement mode 
setting the count enable bit to count inhibit “O”. 100: Pulse width measurement mode 

| ; | f 
A read from a timer is performed in the order of Ty to Ty. HOt -Progremimanle aeration coe 
The value of T, is latched in the read timer latch at the tim- 110: Programmable one-shot 
, ; ; : generation mode 
ing when Ty is read. All timers are decrement counters and Finiekcounteoursessclection bit 
are started by setting the timer i count enable bit to “1”. | 0: f(Xin)/4 


When the value of the timer reaches 0000,., and overflow 1- INTI pin input 


occurs and the timer i interrupt request bit is set to “1” at 

the next count pulse. -Event ae a bit 
During a reset or an STP instruction execution, the low- | fais 

order byte of the timer 1 register is set to FF. and the 
_ high-order byte is set to 03;,. Also, when an STP instruction 
is executed, a frequency obtained by dividing the oscillat- 
ing frequency by four becomes the timer 1 input regardless 
of the timer 1 count source selection bit. This condition is 
canceled and the original count source is resumed when 


Output level latch 





| Fig. 7 Structure of timer i control register 


MISRG1 (address OODE;.) 


the timer i interrupt request bit is set to “1” or when a reset INT, input polarity selection bit 
occurs. Refer to the section on the clock generator for de- INT> input polarity selection bit 
tails concerning the operation of the STP instruction. | INT3 input polarity selection bit 


‘The M87450 provides seven timer modes selectable with — a 0: Fall 
the timer mode selection bit in the timer i control register. 1+ Rise 


Timer 1 count enable bit 
Timer 2 count enable bit 


Timer 3 count enable bit ; 
0: Count disabled 
1: Count enabled 





- Fig. 8 Structure of MISRG1 


Data bus 
Soo 


eee ees eee = 
(Xin )/4 
Count enable bit 


EV). Tan] Timer control 
; 7. register 


8 


- Data bus 





Fig. 6 Timer block diagram 
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(1) 16-bit Timer Mode [000] 

In this mode, an interrupt request occurs and the value of 
the timer latch is loaded in the timer each time the timer 
overflows. | 

The timer count source is set to f(X),y) divided by four re- 


gardless of the count sorce selection bit. Assuming that the 
timer latch is n, the frequency dividing ratio is 1/(n-+1). 
Figure 9 shows the timer operation duruing 16-bit timer 
mode. 


- Value set in 
timer latch 


; Timer interrupt 
request 





Fig. 9 16-bit timer mode operation ° 


(2) Event Count Mode [001] 

In this mode, the EVi pin input signal are counted in the 
direction selected by the event input polarity selection bit. 
The input signal from the EVi pin is used as the count 
source regardless of the count source selection bit. The 
operation is the same as with the 16-bit timer mode except 
for the difference in the count source. 

Both the “H” and “L” pulse width of the EVi pin input signal 
must be not less than (4/f(X,y) )-+100ns. 

Figure 10 shows the timer operation during event count 
mode. | 


TL ; Value set in 
timer latch 


| TR; Timer interrupt 
request 





Fig. 10 Event counter mode operation 


(3) Pulse Output Mode [010] 

In this mode, a 50% duty pulse is output from the EVi pin. 
The count source selected with the count source selection 
bit is counted. When it overflows, the phase of the EVi pin 
output level is reversed and the value of the timer latch is 
loaded in the timer. : 

When this mode is selected, the EVi pin onou level is in- 
itialized to “L”. 

Figure 11 shows the timer operation during. pulse output 
mode. : 


: Value set in 


timer latch 


: Timer interrupt 
request 


waveform 





Fig. 11 Square wave output mode 


(4) Pulse Period Measurement Mode 

[o11] 
This mode is used to measure the pulse period of the EVi 
pin input signal. | 
The timer counts the count source selected by the count 
source selection bit between the rise-to-rise or fall-to-fall 
interval (selected with the event input polarity selection bit 
in the timer i control register) of the EVi pin input signal. 
At a valid edge on the EVi pin input, the 1s complement of 
the timer value is stored in the timer latch and the timer 
value is set to FFFF4¢. 
Figure 12 shows the timer operation during pulse. frequency 
measurement mode. 


T3 
T2 
T1 


FFFF ic & 
EV pin ! 


FFFF+T1 TRA qo 73 FFFF QTR 


input EVR EVR EVR EVR 
signal | Event phase is valid rising edge 





Fig. 12 Pulse period measurement mode 
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(5) Pulse Width Measurement Mode [100] 


This mode measures the pulse width while the EVi pin in- 
put signal is “H” or “L”. 

Whether to measure the “H” or “L” interval is determined 
by the event input polarity selection bit. If this bit is “O”, the 
count source selected with the count source selection bit is 
counted while the input pulse is “H”. If it is “1”, the count 
source is counted while the input pulse is “L”. A 1’s com- 
plement of the timer value is stored in the timer latch for a 
valid edge on the EVi pin input. In addition, the timer value 
is set to FFFF,, for an edge (both rise and fall) on the EVi 
pin input. Figure 13 shows the timer operation during pulse 
width measurement mode. 


FFFFi¢ 
EV pin 


input EVR 
signal 


| FFFF+T2 TR 


Event interrupt input polarity is valid rising edge. 
Measure width “L” of pulse. 





Fig. 13 Pulse width measurement mode 


In pulse period measurement mode [011] and pulse width 
measurement mode [100], an EVi interrupt request is issued 
at the valid edge selected by the event phase selection bit. 
That is, an interrupt occurs at the end of the pulse period 
measurement or pulse widfh measurement. Also, when a 
timer overflow occurs, the count continues from FFFFi. 
without the value of the timer latch being loaded in the 
timer. 

Write to timer latch is inhibited in these modes. Furth- 
ermore, EVi interrupt is disabled during STP instruction ex- 
ecution. 


(6) Programmable Waveform Generation 
Mode [101] 


In this mode, the level set in the output level latch of the 


timer i control register is output to the EVi pin every time | 


the timer overflows.. | 

The timer counts the source selected by the count source 
selection bit and when it overflows, the value in the timer 
latch is loaded in the timer. | 


After it overflows, the value of the output level latch and the — 


timer latch can be modified to generate any waveform from 
the EVi pin. a 

Figure 14 shows the timer operation during programmable 
waveform generation mode. 


L; Thy and TL, 
initial values 





Fig. 14 Programmable waveform generation mode 


(7) Programmable One-shot Generation - 
Mode _ [110] 


This mode uses the INTi pin input signal as a trigger and 


counts by writing the value of the timer latch in the timer. 
The output level of the EVi pin goes “H” when the trigger is 
issued and goes “L” when the timer overflows. 


- The EVi pin level is initialized to “L” when this mode is 


selected. | | 

The timer count souce is set to f(Xy) divided by four re- 
gardless of the count source selection bit. 

A valid edge of the INTi pin input trigger signal is deter- 
mined by the INTi phase selection bit of MISRG1 (OODE,.). 
Figure 15 shows the timer operation during Piegommablc 
one-shot generation mode. 


L is one-shot 
pulse width 


signal 
EV pin 
output signal 





Fig. 15 Programmable one-shot generation mode 


When the INTi pin input signal is selected as the count 
source for pulse output mode [010], pulse period measure- 
ment mode [011], pulse width measurement mode [100], 
and programmable waveform generation mode [101], the 
“H” and “L” pulse width of the input signal must not be less 
than (6/f(Xin))+100ns. 
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SERIAL 1/O _. eration timer (baud rate generator) is provided for serial 


Serial 1/O can operate in either clock synchronous or clock I/O operation. Figure 16 shows the Structure of the regis- , 
asynchronous (UART) mode. An exclusive baud rate gen- ters used for serial |/O. | 


Serial I/O status register 
(address 00E7,.) 
Transmit buffer empty flag 
0: Buffer full 
1: Buffer empty 


Receive buffer full flag 
0: Buffer empty 
1: Buffer full 


Transmit shift register shift 
completion flag 
0: Busy shifting 
1: Shift complete 


Overrun error (OE) flag 
0: No 
1: Yes 

Parity error (PE) flag 
0: No 
1: Yes 

Framing error (FE) flag 
0: No 
1°: Yes 


Summing error (SE) flag 
 0:No 
1: Yes 


UART control register (address 00E9,,¢) 


Character length selection bit 
0: 8 bits 
1:7 bits 
Parity enable bit 
0 - Parity disable 
1: Parity enable 
Parity selection bit 
0: Even parity 
1: Odd parity 
Stop bit length selection bit 
0: 1 stop bit 
1: 2 stop bit 





Fig. 16 Structure of registers related to serial I/O 
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f 0 
fT | TTT TT Serial |/O control register (address 00E8,.) 


BRG count source selection bit 
0: f(Xin) divided by 2 
1: (Xin) divided by 8 


Serial |/O synchronous clock selection bit > 


0: BRG output divided by 4 
(when clock synchronous serial I/O is selected) 

BRG output divided by 16 

(when UART is selected) 


1: External input clock 


Sarpy output enable bit 
0: P37 operates as normal I/O pin 
1: P37 change to Srpy output pin 


Transmit interrupt source selection bit 
0: When transmit buffer becomes empty 
1: When transmit shift operation is complete 
Transmit enable bit 
0: Transmit disabled 
1: Transmit enabled 
Receive enable bit 
0: Receive disabled 
1: Receive enabled 
Serial |/O mode selection bit 
0: Clock asynchronous (UART) serial I/O 
1: Clock synchronous serial I/O 
Serial |/O enable bit 
0: Serial |/O disabled 
(P3,-P37 are normal I/O ports) 
1: Serial I/O enabled 
(P34-P37 are serial I/O function pins) 
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(1) Clock Synchronous Serial I/O 

Clock synchronous serial I/O is selected by setting the 
mode selection bit of the serial |/O control register to “1”. 
Figure 17 shows a block diagram of clock synchronous se- 


With clock synchronous serial I/O, the same clock is used 
as the operating clock between the transmitting and receiv- 
ing microcomputers. If an internal cléck is used for operat- 
ing clock, transmit/receive is started by writing a signal in 


rial 1/O and Figure 18 shows its operation. the transmit/receive buffer register. 


Data bus 
address O0E81, 


Receive buffer full flag (RBF) 


address 00E6,, 


Receive buffer register 


| Receive interrupt request (RI) 


Clock control circuit 


Receive shift register 


Shift clock 


Frequency dividing a ed 


-Coss ratio 1/(n-+1) bit 


may 
| 


Baud rate generator 


address OOEAi 6, 


Clock control circuit 


Transmit shift completion flag (TSC) 
—> Transmit interrupt request (TI) 


Transmit buffer empty flag (TBE) 


address O0E 15 
Nl ei \ 


, 


SRDY 
S ies 
roy O : Shift clock 


= Fall detect cs 
TD () Cum - Transmit shift register 
C) 


address O0E6, 





P37 


Data bus 





Fig. 17 Clock synchronous serial I/O block diagram 


Internal clock ¢ 


Transmit/receive shift clock a 
1/2~1/2048 of internal clock : : 


| 
or external clock | 


CB XD XE Xe Ke Ks XE KO 


Serial output TxD 


Serial input RxD 


Receive ready signal 


Sroy 


Receive/transmit 
buffer register 
write signal to 


address 00E6,, TBE=0 ¥ 


TBE= 1 
TSC=0 TSC= 1 


Overrun error (OE) detected 


Use the transmit interrupt source selection bit (TIC) in the serial I/O control register to specify whether to generate a transmit . 
interrupt (TI) when the transmit buffer becomes empty (TBE=1) or when transmit shift operation completes (TSC=1). 

If data is written in the transmit buffer register when TSC=0O, transmit clock is generated continuously and serial data is output 
continuously from the TxD pin. , | | . 
The receive interrupt (RI) is set when the receive buffer full flag (RBF) is set. 





Fig. 18 Clock synchronous serial I/O operation 
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(2) Asynchronous Serial I/O (UART) 

UART is selected by setting the mode selection bit of the 
serial I|/O control register to “0”. Figure 19 shows a block 
diagram of UART and Figure 20 shows its operation. 

With the M37450, one of eight serial data transmission for- 
mats can be selected with the UART control register as 
shown in Figure 16. The transmission format must be 
agreed upon between the transmit side and the receive 
side. 


Data bus 
address 


OOE6i¢ 


Receive buffer register 


ST detection | 


en: ere eet 


PE FE 


Clock control circuit 


Scik O ay 


> 
Frequency dividing ratio 1/(n+1) 


f(Xin) =, | z 


f ST/SP/PA ‘generation 


Transmit shift register 
Character 


length | 


selection Transmit buffer register 
5 


bit f 


Data bus 


Fig. 19 UART serial 1/O block diagram 


Transmit or receive 
clock 


Transmit buffer 
register write 
signal 


Serial output TD ST (Do X d, } 


1 start bit 

7/8 data bits 
1/0 parity bits 
1/2 stop bits 


rene 


Receive buffer 
register read 
signal 


\ 8 (EXE 





Serial input RxD 


Receive shift register 
f c 
, RSP detection} 









The transmit shift register and the receive shift register has 

its buffer register respectively to perform serial data trans- 

fer (same memory addresses). | 
Data cannot be written or read directly to/from the shift 
registers. Therefore, the data to be transmitted is written to | 
a buffer register and the received data is read from a buf- 

fer register. The buffer registers can also be used to store 

data to be transmitted next or to receive 2-byte data con- 
secutively. 


7 
address 00E8¢ 


Receive buffer full flag (RBF) 
Receive interrupt request (RI) 


UART control register 


address OOEQ¢ 


SI/O clock selection bit 


Baud rate generator 


=e Transmit shift completion flag (TSC) 


CaF Transmit interrupt request (TI) 


Transmit buffer empty. flag (TBE) 
address 00E71, 
| 


TSC=17 


X  \ sp ‘ 
* Generated at the second 
Stop bit if 2 stop bits set. 





' RBF= 1 


cc) Ge ane 


Note 1. Error flag detection is performed as soon as RBF=1 (first stop bit for receive). 
Note 2. Transmit interrupt (TI) is set to either TRE=1 or TSC=1 according to the transmit interrupt source selection bit (TIC) in 


the serial 1/O control-register. 
Note 3. Receive interrupt (RI) is set by RBF=1. 


Fig. 20 UART serial I/O operation 
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[Serial I/O Control Register] SIOCON 
The serial |/O control register is an 8-bit register consisting 
of selection bits for controlling the serial |/O function. 
- Serial /O Enable BitSIOE.. 
When this bit is set to “1”, serial I/O is enabled and pins 
_ P34~P37 can be used as serial |/O function pins. 
- Serial I/O Mode Selection Bit SIOM 
This bit is used to select the serial I/O operation mode. 
When this bit is “0”, asynchronous serial 1/O (UART), which 
transfers data using start and stop bits, is selected. When it 
is “1”, clock synchronous serial |/O which performs trans- 
mission and receive using the same clock is selected. 

- Receive Enable Bit RE 


Receive operation is enabled when this bit is set to “1” and _ 


‘pin P38, becomes a serial data input pin. 
- Transmission Enable Bit TE 

Transmission operation is enabled when this bit is set to 
“1”, Pin P35 becomes a serial data output pin and shift data 
is output. 

- Transmission Interrupt Source Selection Bit TIC 
This bit is used to selelct events that can cause a transmis- 
sion interrupt. ) 

* Sppy Output Enable Bit SRDY 

lf this bit is set to “1” when clock synchronous serial I/O is 
selected, pin P37 becomes an Srpy signal output pin and 
Srpy Signal is output. 











“When an external clock is used during clock synchronous 


serial 1/O, the Sapy signal is used to notify the clock sender 
_ that it can send the serial clock signal. It goes “L” when 
data is written in the transmit/receive buffer register and 
' goes “H” at the first fall of the receive clock. When using 
the Srpy signal, the transmission enable bit must be set to 
“1” even when performing receive only. 

- Serial /O Synchronous Clock Selection Bit SCS 
When this bit is “1”, pin P38, becomes an input pin and the 
external clock input from the Scikx pin is selected.as the 
_ serial |/O synchronous clock. When this bit is “O”, the baud 





rate generator (BRG) overflow signal is selected as the se- — 


rial 1/O synchronous clock. Also, when this bit is “O” during 
clock synchronous serial I/O, pin P38, becomes an output 
pin and the shift clock is output from the Sco. pin. 


~ When clock synchronous serial |/O is selected, the baud: 


rate generator (BRG) output signal divided by four or an 
external clock input is used. When UART is selected, the 
BRG output signal divided by sixteen or an external clock 
input signal divided by sixteen is used. 
- BRG Count Source Selection Bit CSS 
The baud rate generator is an 8-bit counter with a reload 
_ register. By setting a value n in the BRG register (address 
OQOEAi 6) , the count source selected by the BRG count 
source selection bit is divided by (n-+1). 


[UART Control Register] UARTCON 
The UART control regsiter is a 4-bit register consisting of 
control bits that are valid when UART is selected. The con- 
tent of this register is used to set the data format for serial 
data transmission/receiving. 

- Character Length Selection Bit CHAS 
This bit is used to select the transmission/receiving charac- 
ter lenght. 

- Parity Enable Bit PARE 
When this bit is set to “1”, a parity bit is added next to the 
most significant bit (MSB) of the transmission data and 
parity is checked during receive. 
+ Parity Selection Bit PARS 
This bit is used to specify the type of parity to be gener- 
ated during transmission and checked when data is re- 
ceived. The number of 1’s in the data is set to even or odd 
according to this bit. 
- Stop Bit Length Selection STPS | 
This bit is used to determine the number of stop bits to be 
used during transmission. | | 


[Serial I/O Status Register] SIOSTS 


_ The serial I/O status register is a 7-bit read only register 


consisting of serial |/O operation status flags and error. 
flags. Bits 4 to 6 are valid only during UART mode. 


All bits of this register are initialized to “O” at reset, and 


when the transmit enable bit in the serial I/O control regis- 
ter is set to “1”, bits “O” and “2” change to “1”. 
¢ Transmission Buffer Empty Flag TBE: 
This bit is cleared to “O” when transmission data is written 
in the transmission buffer register and. set to “1” when that 
data is transferred to the transmit shift register. It is also 
cleared when TE=0. 
- Receive Buffer Full Flag RBF 
When receiving serial. data, data is transferred to the re- 
ceive buffer register and this bit is set to “1” when the re- 
ceive shift register completes receiving a data byte. This 
bit is cleared when the data is read. This bit is also cleared 
when RE=0. 
‘ Transmit Shift Register Shift Completion Flag TSC 
This bit is cleared to “O” when the data in the transmission 
buffer register is transferred to the transmit shift register 
and set to “1” when data shift completes. It is also set to 
“1” when TE=O. 

- Overrun Error Flag OE 
When continuously receiving serial data, this bit is set when 
the next data fill the receive shift register before the data in 
the receive buffer register has been read. | 
- Parity Error Flag PE 
When receiving serial data with parity, this bit is set to “1 ” 
if the parity of the received data alters from the specified 


parity. 
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- Framing Error Flag FE 
This bit is set to “1” when there is no stop bit when trans- 


ferring data from the receive shift register to the receive © 


buffer. 

* Summing Error Flag SE 

This bit is set when either overrun, a parity, or a framing 
error occurs. 


Tests for these errors are performed as soon as the data ig 


transferred from the receive shift register to the receive 
buffer register and at the same time the receive buffer full 
flag iss set. The error flags (OE, PE, FE, and SE) are 
cleared when any data is written in the serial I/O status 
register. Also, all status flags including error flags are 
cleared when SIOE=0. | 
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BUS INTERFACE 
_ The M37450 is equipped with a bus interface that is func- 


tionally similar to the MELPS 8-41 series. Its operation can 


be controlled with control signals from the host CPU (slave 
mode). : 


The M37450 bus interface can be connected directly to 


either a R/W type CPU or separate RD, WR type CPU. Fig- 


ure 21 shows a block diagram of the bus interface function. 
tion. | 


Slave mode is selected with MISRG2 (address OODF,) bit 
2 and’3 as shown in Figure 22. | : | 

An input buffer full interrpt occurs when data is received 
from the host CPU and an output buffer empty interrupt 
_occurs when data is read by the host CPU. 

In slave mode, ports P5p>~ P57 become a tri- state data bus 
used to transfer data, commands, ‘and status to and from 
the host CPU. 
Furthermore, ports P64,~P67 become host CPU control sig- 
nal input pins and P63 becomes a slave status output pin. 


[Data Bus Buffer Status Register] DBBSTS 
This is an 8-bit register. Bits 0, 1, and 3 are read-only bits 
indicating the status of the data bus buffer. Bits 2, 4, 5, 6, 
and 7 are read/write enabled user-definable flags that can 
be set with a program. The host CPU can only read these 
flags by setting the AO pin to “H”. 


P59/DBy O 
P5,/DB, 0 
P5./DB2 0 
P53/DB3 © 
P5,/DB, © 
P5s/DBs © 
P5¢/DBg © 
P5;/DBy © 


‘ Host data bus 





SE a nn MISRG2 (address OODF,,) -. . 











At: 


Processor mode 

00: Single-chip mode 

01: Memory expanding mode 
10: Microprocessor mode’ 
Disable 

Bus interface enable bit 
0: Disable 

1: Enable 

Bus interface mode bit 

0: RD, WR bus 

1: R/W bus 

PWM enable bit 

0: Disable 

1: Enable 

PWM mode selection bit 
0: 8-bit high speed PWM 
1: 16-bit high precision PWM 
Bus cycle control bit 

0: Normal bus cycle 

1: Normal bus cyclex2 
Stack page selection bit 
0: In page 0 area 

1: In page 1 area 


Data bus buffer status register 


(address: 00E5;i¢) 
Output buffer full flag 
0: Buffer empty 
1° Buffer full 
Input buffer full flag 
0: Buffer empty 
1° Buffer full 
User definable flag 


_ User may freely define this flag 


AO flag 

Indicates the AO status when the 
IBF flag is set. 

User definable flag 

User may freely define this flag 





Fig. 22 Structure of bus interface relation registers 


Lee data 
bus Lee 


Output | Lp 
ee buffer 


RD WR DBB 
DBBSTS 


Internal data bus 


Ur | Ue | Us fT Ue | Ap [U2 | IBE LOBE | 


P6,/R/W/W © 


P6,/E/R © 


P6;/CS O 


* P6,/A00 


P63/Papy 


| Fig. 21 Bus interface circuit diagram 
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- Output Buffer Full Flag OBF 
This flag is set when data is written in the output data bus 
buffer and cleared when the host CPU reads the data in 
the output data bus buffer. It is initialized to “1” at reset and 
cleared to “O” when the slave mode is selected with the 
bus interface enable bit set. 

: Input Buffer Full Flag IBF 
This flag is set when the host CPU writes data in the input 
data bus buffer and cleared when the slave CPU reads the 
data in the input data bus buffer. This bit is initialized to “O” 
at reset. 


Ay Flag 
The level of the Ap pin is latched when the host CPU writes 
data in the input data bus POuer: 


[Input Data Bus Buffer] DBBIN 
Data on the data bus is latched in DBBIN when there is a 
write request from the host CPU. The data in DBBIN can 
be read from the data bus buffer register (SFR address 
00E4,¢). : . 


[Output Data Bus Buffer] DBBOUT 

Data is written in DBBOUT by writing data in data bus buf- 
fer register (SFR address 00E4,,). The data in DBBOUT is 
output to the data bus (P5) when the host CPU issues a 
read request with setting the Ag pin to “L”. 


Table 2. Control I/O pin functions when bus interface function is selected 






- Output 


Ce rn 





Bus interface Input/ 
Name Function 
oe bit cy 
Status output. The NOR of OBF and IBE is [Stas autpt The NOR of OBF and IBEs ouput 
Input Address input. Used to select between DBBSTS and DBBOUT during host CPU read. 
Also used to identify commands and data during write. 
Input | chi select input. Used to select the data bus buffer. Select when “L”. 


a cre Tining signal used by the host CPU to read data fom the data bus buffer. 


input Ting signal used by the host CPU to write data to the data bus buffer. 


Input R/W signal used to control the data transfer direction. When this signal is “L”, 
data bus buffer write is synchronized with the E signal. When it is “H”, data bus buffer 
read is synchronized with the E signal. _ 
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PWM 
The PWM generator has two program-selectable modes; 


_the high-speed mode (8-bit resolution) and the high- Changes according to the value 
| set in the PWM register 


precision mode (16-bit resolution) . Figure 23 shows a 
block diagram. l | 


The register MISRG2 (address OODF;¢) shown in Figure 22 | | ae 


_ is used to enable/disable the PWM and change its mode. . ; 

When the PWM enable bit is set, the PWM timer starts PWM wf LL 

from its initial state. | i. | 

As shown in Figure 24, the output frequency is | /———— Fixed period ———>] 

(2X255)/f(Xin) 51s at f(Xiy)=10MHz | 

in high-speed mode and 
(2X65535)/f(Xin) 13.107ms at ela Fig. 24 PWM output 

in high-precision mode. 

The “H” width of the output pulse is determined by setting 

a value only in the PWM, register for high-speed mode and 

in both the PWM, and PWM, in this order for high- 

precision mode. 

If the value set in the PWM register is m, the “H” width of 

the output pulse is | 
(PWM periodXm)/255 for high-speed mode and 
(PWM period Xm)/65535 for high-precision mode. 





Data bus » 


Reload control circuit 
PWM mode 


selection bit 


* PWM enable bit 





Fig. 23 PWM generator block diagram 
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A-D CONVERTER | 

An A-D converter is an 8-bit successive approximation 
method. Figure 25 shows a poet diagram of the A-D con- 
verter. 

The 64-pin model has three analog ‘votlage input pins; the 
80-pin model has eight. 

A-D conversion is started by a write operation to the analog 
input pin selection bit of the A-D control register shown in 
Figure 26 and by selecting the analog voltage input pin. 
The A-D interrupt request bit in the interrupt request regis- 
ter 2 is set when A-D conversion completes. The result of 
A-D conversion is stored in the A-D register. 

The contents of the A-D register must not be read during 
A-D conversion and f(X;,) must be no less than 1 MHz dur- 





A-D control register 
(address 00E3,,) 


- Analog input pin 
selection bit 


b2 bi 
: 0 0 
64 pin model , 0 0 


0 1 


: AN; 


ing A-D conversion. 





Note : Do not select pins other than ANo-AN2 with the 64-pin model. 


Fig. 26 Structure of A-D control register 





Data bus 









A-D control register 
(address 00E3i,) 










P4,/ANo & A-D control circuit A-D interrupt request 
P4,/AN, O 
P42/AN2 © ts Comparator, A-D' register 
8 (address 00E2,,) 
P43/AN3 C3) o 
P4,/AN, © @ 
= 
P4;/ANs © O 
P4./ANe O Ladder resistor 
P4,/AN7 © 
©) 
AVcc AVss ADVrer 


(Veer) 


Fig. 25 A-D converter block diagram 
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D-A CONVERTER 
Two 8-bit resolution D-A converter channels are provided. |. 
Figure 2/7 shows a block diagram of the D-A converter. 

_D-A conversion is performed by setting a value in the D-Ai 
register (addresses 00E0;, and 00E1;.). The result of D-A 
conversion is output from the D-Ai output pin. 

The output analog voltage Vp, is determined by the value n 
(decimal) set in the D-Ai register as follows: 
Vpa==DAVrer* Xn/256 

* Veer for 64-pin model. 


“Data bus 


D-A conversion 
_ register 


R-2R register ladder 


AVss DAVace 
(Veer) . 





Fig. 27 D-A converter block diagram — 
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RESET CIRCUIT 

The M37450 is reset according to the sequence shown in 

Figure 30. It starts the program from the address formed by 

using the content of address FFFF;, as the high order 

address and the content of the address FFFE,., as the low 

order address, when the RESET pin is held at “L” level for 
no less than 2us while the power voltage is 5V#10% and 


address 


(1) Port PO directional register 00D116 


(2) Port P1 directional register 00D34¢ 


(3) Port P2 directional register 00D54¢ 


(4) Port P3 directional register 00D7i¢6 


(5) Port P4 directional register OODBi.¢ 


OODDi¢ 


(6) Port P5 directional register 


(7) MISRG1 OODE,, 


(8) MISRG2 OODFi¢ 


(9) D-A1 register O0E0;¢ 


00E1i6 


(10) D-A2 register © 


BEEBE 
00E8 i, 


wenn TL 


OOED 4, 


= 


OOESi¢ 


OOE7 16 


‘(11) Data bus buffer status register 
(12) Serial 1/O status register 
(13) Serial 1/O control register 


(14) UART control register 





(15) Timer 1 control register 


(1s) Timer 2 control register OOEE 1. 





(11) Timer 3 control register OOEF 4, 


‘ 


(18) Timer 1 register (low order) OOF0i., FF ig 
OOF 146 0316 


_|9}0}o}o} 0/0 
OOFEi,6 0016 

|_|9}o}o/o}o}o 
CLE ET 


Contents of address 
(PCy) FFFF 16 


(19) Timer 2 register (high order) 


(20) Interrupt request register 1 OOFCi¢ 


1) Interrupt request register 2 OOFDi6 


fi 


(22) Interrupt contro! register 1 


(23) Interrupt control register 2 OOFF 16 





|@4) Processor status register (PS) 


(25) Program counter 


Contents of address 
: (PC,) FFFEi¢6 

Since the contents of both registers other than those listed — 

above (including timer 1, timer 2, timer 3, and the serial 1/O 

register) and the RAM are undefined at reset, it is necessary 

to set initial values. 


He 


\ 





Fig. 28 Internal state of microcomputer at reset 





the crystal oscillator oscillation is stable and then returned 
to “H” level. The internal initializations following reset are 
shown in Figure 28. | | 

An example of the reset circuit is shown in Figure 29. The 
reset input voltage must be kept below 0.6V until the supp- 
ly voltage surpasses 4.5V. 


Supply voltage OV 


Reset input voltage OV 





M37450M2-XXXSP 


Fig. 29 Example of reset circuit 
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RESET 


' +RESET EG: 


SYNC 


Address 


Data 


MITSUBISHI MICROCOMPUTERS. 


M37450M2- XXXSP/FP, M37450M4-XXXSP/FP 


M37450M8- XXXSP/FP 


_. SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 


Reset address from 


ED EDC CS CDED ED. a 


Note 1: 
8~12 clock cycles 2 
depending upon the previous state. 


2K 21X20. S008 PRO.S-AXFFFEKFFFEX Aor 
ADL 





Fig. 30 Timing diagram at reset 
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Frequency relation of f(Xiy) and ¢ is f(Xij)=4°¢. 
The mark “?” means that the address is changing 
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This port is unaffected by the processor mode register. 





ELECTRIC 


/O PORTS 

(1) Port PO MD ROR EG 
Port PO is an 8-bit [/O port with CMOS output. This is an 8-bit input/output port with function similar to 
As shown in the memory map (Figure 2), port PO can ~ Con 
be accessed at zero page memory address 00D0,6. When slave mode is séiemen with a program, ports 
Port PO has a directional register (address 00D1j,) Oar ee enange a) MIS Ponto! pus toniie pus: et 
which can be used to program each. individual bit as face TONGt On: In Wits Case. On INP UEOHIDUL sls Une 
input (“0”) or as output (“1”). If the pins are program- aleeled Dythe Cle cener ied sth 
med as output, the output data is latched to ihe port Ports P69 ~ P62 are shared with the’ external interrupt 
register and then output. When data is read from the Por pins (INT; ~ INTs) . Titer Meu eoueraaly 
output port the output pin level is not read, only the | monitors ine stalls of this port ane genetales an Mere 
latched data in the port register is read. This allows a MupEh 2 Nance ends. TNeIelole, I me a eID - 
previously ouptut value to be read correctly even not used, it must be disabled and if it is used, this port 
though the output voltage level is shifted up or down. muste seb to nput 
Pins set as input are in the floating state and the signal (8) Port D-A 
levels can thus be read. When data is written into the Por Bp consists: Ol GvOrenalag: vellage output eee: 
input port, the data is latched only to the port latch and any anialeg voltage: cae Ne aenelaice hy Souda 
the pin still remains in the floating state. veING HUE te UIStah: 
Depending on the contents of the processor status reg- (9) ¢ ae 
ister (bit O and bit 1 at address OODF,,), three different tae internal system clock (1/4 the frequency a ie 
modes can be selected; single-chip mode, memory ex- pSellator connected pele en Ne AN ane Xour pins) e 
panding mode and microprocessor mode. output. from this pin. If an STP a en instruction is ex- 
In these modes it functions as address (A7~Ao) output Soule acct DUESoRe ane going i 
port (excluding single-chip mode). For more details, SENG mine taaetaates 
see the processor mode information. This pin outputs a signal that is “H” during one cycle of 

| (2) Port P14 the ¢ during operation code fetch. 

In single-chip mode, port P1 ‘has the same function as (1) ued pln ; cos 
port PO. in other modes, e-tuneilons “As wadress bees This is a como! signal output pin that naicales ne loc- 
Ag) output port. al bus direction in memory expanding and microp- 
Refer to the section on processor modes for details. iver ates miCges: 

(3) Port P2 (12) RD, WR pins 7 | 
In single-chip mode, port P2 has the same function as Nese are local bus we and fend timing signal output 
port PO. In other modes, it functions as data (D)~ D7) ke lor deta expanding ang Mee golem piece nee 
input/output port. Refer to the section on processor Slane equiveretl 2 ie a oe aa 
modes tor deiaile: ) separated by the ¢ signal is output. 

(4) Port P3 | These pins are used exclusively by the 80-pin model. . 
Port P3 is an 8-bit I/O port with function similar to port (13) MESE our ai oe ak re 
PO. All pins have program selectable dual functions. me DIN; SOes.. re WANE Ne Wilts aa asks . pelig 
When a serial I/O function is selected, the input and poset NE Cal De MSE O25) 2 eset Snel Pate ue pI iatey 
output from pins P3,~P37 are determined by the con- Pepi eral GeNGes: 
tents of the serial I/O registers. This pin is used exclusively by the 80- -pin model. 
This port is unaffected by the processor mode. 

(5) Port P4 
This is an input-only port and may be used as an ana- 
log votage input port. The number of ports is different 
for the 64-pin model and 80-pin model. The 64-pin 
model has three ports and the 80-pin model has eight 
ports. 

(6) Port P5 
This is an 8-bit |/O port with function similar to port PO. | 
When slave mode is selected with a program, all ports 
change to the data bus for the master CPU. In this 
case, port input/output is unaffected by the directional 
register. | | 
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Port PO, P1, P2 | | P34 : 


Serial |/O enable bit 
Receive enable bit 


a 7 
7 Directional register a 
Data register 

















aro 
5 Directional register 7 
Data register 






Data bus 


Data bus 





<i 

















P39~P3 
Oo 2 P3., 
y Serial |1/O enable bit 
Transmit enable bit 
(pies 
Data bus | | i 
eee | 
by 
ALi t 
Timer mode Mode 2 
selection bit Mode 5 & 
mode 6 
Event counter input | 
Timer output > Event interrupt input 
P35 


P35 | | 
Serial !/O clock selection bit 


Serial I/O enable bit 


Serial |/O mode selection bit 
Serial 1/O enable bit 


















4 - 
F Directional register ‘ 
E Data register 2 








Data bus 
O 
Se 
7 7 Data bus 
' 
Gore: 
PWM enable bit a 


PWM output 


_ Gl 
External clock input 





Fig. 31 Ports PO~P6 block diagram (single-chip mode) and output only pin output format (1) 
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P37 Port P4 


Serial !/O enable bit 

Serial 1/O mode selection bit 
Sroy output enable bit 

C 


Directional register z 
= 


‘4 







—<}?-——o 















4, R/W, SYNG, RD, WR, RESET oy; | : 
: 


fo 


Data bus 


ing 


Serial ready output 
P55~P57 


P6,/CS 
P6,/R 
Bus interface enable bit 


(pee ae 
Directional register iz 
E Data register dl 


lew 










Data bus 


(P59 does not have a status register and OBF flag is set. 
@P5, does not have a status register and IBF flag is set. 
@P5; does not have a status register and Ao flag is set. 


P6o~P6> , Fes 
Z a 
Directional register 
===} 


Bus interface enable bit 


oe 
Directional register 
eS 

















Date bus Data bus 







Interrupt input 


P6,~ P67 é F 
Bus interface enable bit 
a 
Tt nee 





ine: 


o DBB control input P6,°::°:: Ao input 
.  PGst ss CS input 
PGg****3 R/E input 


P67:-+++-W/R/W input 





DBB control input 


Fig. 32 Ports PO~P6 block diagram (single-chip mode) and output only pin output format (2) 
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PROCESSOR MODE — 

By changing the contents of the processor mode bit (bit 0 
and 1 at address OODF,,), three different operation modes 
can be selected; single-chip mode, memory expanding 
mode, and microprocessor mode. 

In the memory expanding mode and the microprocessor 
mode, ports PO~P2 can be used as address, and data in- 
‘ put/output pins. ‘ 

Figure 34 shows the functions of ports PO~P2. 

The memory map for the single-chip mode is illustrated in 
Figure 1 and for other modes, in Figure 383. 

By connecting CNVss to Vgs, all three modes can be 
selected through software by changing the processor mode 
bits. Connecting CNVss to Voc automatically forces the 
‘microcomputer into microprocessor mode. 

The three different modes are explained as follows: 


Internal ROM 


WU 


i erate ceneol controh Various control 
i erate ceneol is registers 


WIZE. CLT TL, 


Reserved area 


Whiaides 


Internal RAM Internal RAM 


00004. 


Microprocessor 
mode 


Memory 
expanding 
mode 


The shaded area is external memory area 





Fig. 33. External memory area in processor mode 


(1) Single-chip mode (00) 
The microcomputer will automatically be in the single- 
chip mode when started from reset, if CNVss is con- 
nected to Vss. Ports PO~ P2 will work as original ue 
ports. 

(2) Memory aepandingsn mode (01) — 
The microcomputer will be placed in the memroy ex- 
panding mode when CNVsgg is connected to Vsg and 

the processor mode bits are set to “01”. This mode is 

used to add external memory when the internal mem- 
ory is not sufficient. 
In this mode, port PO and port P1 are as a system 
address bus and the original I/O pin function is lost. 
Port P2 becomes the data bus of D7~ Dg (including in- 
struction code) and loses its normal |/O functions. 

(3) Microprocessor mode [10] 
After connecting CNVgss to Vcc and initiating a reset or 
connecting CNVsg to Vss and the processor mode bits 
are set to “10”, the microcomputer will automatically 
default to this mode. In this mode, the internal ROM is 
inhibited so the external memory is required... Other 

~ functions are same as the memory expanding mode. 

The relationship between the input level of CNVés5 and 
the processor mode is shown in Table 3. 
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Single-chip mode — 


Port PO Ports P07;~POp 
X 1/O port 

Port P1 Ports P17~P 19 
X 1/O port 


Ports P2,~P2, 


x 1/O port 


Memory expanding mode Microprocessor 


mode 











Ports P0;~P0, 


Address A7~Apo 


Ports P1 To P1 0 


Address Ais~Ag 









Same as left 


























Ports P27~P2, 


Data 
D7~o 





Fig. 34 Processor mode and function of port PO~P2 


Table 3 Relationship between CNVsg pin input level and processor mode 


Explanation 
* Single-chip mode The single-chip mode is set by the reset. 


* Memory expanding mode All modes can be selected by changing the processor mode bit with the program. 
* Microprocessor mode — 


The microprocessor mode is set by the reset. 
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CLOCK GENERATING CIRCUIT 


37. 

When an STP instruction is executed, the internal clock ¢ 
stops oscillating at “H” level. At the same time, FF;, is set 
_ in the low-order byte of timer 1, 03;, is set in the high-order 
byte, and timer 1 count source is forced to f (Xin) divided 
by four. This connection is cleared when timer 1 overflows 
or the reset is in, as discussed in the timer section. 

The oscillator is restarted when an interrupt is accepted. 


However, the clock ¢ keeps its “H” level until timer 1 over- | 


flows. 

This is because the oscillator needs a set-up period if a 
ceramic or a quartz crystal oscillator is used. 

When the WIT instruction is executed, the clock ¢ stops in 
the “H” level but the oscillator continues running. This wait 
state is cleared when an interrupt is accepted. Since the 
oscillation does not stop, the next instructions are executed 
at once. 

To return from the stop or the wait sats. the interrupt en- 
able bit must be set to “1” before executing STP or WIT in- 
struction. Especially, to return from the stop status, the tim- 
er 1 count enable bit must be set to “1” and the timer 1 in- 
—terrupt enable bit must be set to “0” before executing STP 
instruction. 

With the M37450, the MISRG2 bit 6 shown in Figure 22 can 
be used to double the bus cycle. However, the timer, 
UART, and PWM operations are unafffected. This facilitates 


Interrupt 
request 


Interrupt | 


disable flag | Pe SRS 


STP instruction 


Bus cycle control bit 


Timer 1 count enable bit 


Fig. 37 Block diagram of clock generating circuit 


The built-in clock generating circuits are shown in Figure 





accessing of slow peripheral LSIls when external memory 
and I/O are extended in memory expanding mode or mic- 
roprocessor mode. Note that this bit also erect the bus cy- 
cle in single-chip mode. 

The circuit example using a ceramic oscillator (ora quartz 


_ crystal oscillator) is shown in Figure 35. 


The constant capacitance will differ depending on which 
oscillator is used, and should be set to the manufactures 
suggested value. 

The example of external clock usage is shown in Figure 36. 
Xin is the input, and eae is open. 


M37450M2-XXXSP 


Xout 





Fig. 35 External ceramic resonator circuit 


~M87450M2-XXXSP 
Xin 





STP instruction 


Internal clock ¢ 
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PROGRAMMING NOTES | (8) Multiply/Divide instructions 
(1) Processor status register | 1. The MUL and DIV instructions are not affected by 
1. Except for the interrupt inhibit flag (1) being set to the T and D flags. ! 
“1” the content of the processor status register (PS) 2. The contents of the processor status register are un- , 
is unpredictable after a reset. Therefore, flags affect- affected by multiply or divide instructions. 


ing program execution must be initialized. 


The T flag and D flag which affect arithmetic opera-7 |. DATA REQUIRED FOR MASK ORDERING 


tions, must always be initialized. Please send the following data for mask orders. 
2. A NOP instruction must be used after the execution * mask ROM order confirmation form 
of a PLP instruction. * mark specification form 
(2) Interrupts . * ROM data:::::- EPROM 8 sets 


Even though the BBC and BBS instructions are ex- 
ecuted just after the interrupt request bits are modified 
(by the program), those instructions are only valid for 
the contents before the modification. Also, at least one 
instruction cycle must be used (such as a NOP) be- 
tween the modification of the interrupt request bits and 
the execution of the BBC and BBS instructions. 
(3) Decimal operations 

1. Decimal operations are performed by setting the de- 
cimal mode flag (D) and executing the ADC or SBC 
instruction. In this case, there must be at least one 
instruction following the ADC or SBC instruction be- 
fore executing the SEC, CLC, or CLD instruction. 

2. The N (Negative), V(Overflow), and Z(Zero) flags 
are ignored during decimal mode. 

(4) Timers 

1. The frequency dividing ratio ree n (0~ 65535) is 
written in the timer latch is 1/(n+1). 

2. When directly writing a value in the timer, set the 
count enable bit to count disable (0) and write in the 
low-order byte first and then in the high-order byte. 

3. The timer value must be read from the high-order 

byte first. 

(5) Serial 1/0 
In clock synchronous serial |1/O mode, if the receiver is 
to output an Sapy using an external clock, the receive 
enable bit, Sppy output enable bit, and transmission en- 
able bit must be set to “1”. 

(6) A-D conversion 
The comparator consists of eaupling Capacitors that 
lose their charge when the clock frequency is low. 
Therefore,f(X;y) must be no less than 1MHz during A-D 
conversion. (If the bus cycle control bit is “1”, the bus 
cycle is doubled and the A-D conversion time is also 
doubled, therefore, f (Xj) must not be less than 
2MHz.) Also, the STP and WIT instructions must not be 

’ executed during A-D conversion. 

(7) STP instruciton 

The STP instruction must be executed after setting the 

timer 1 count enable bit (bit 4 at address OODE,,) to 

enable (“1”). 
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. SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 





ABSOLUTE MAXIMUM RATINGS 






Vo 


Topr 





Input voltage POo~P0;7, Plo~P17, P2>~P27, 
P3)~P37, P4g~P47, P5p~P5y, 

’ P69~P67, ADVrer, DAVrer, 
~ Vrer, AVcc 


Input sales CNVss a5 ; 


Output voltage POo~P07, Plo~P17, P29~P27, 








iy RD, WR, SYNC, RESETout 


500mW in case of the flat package 





P39~P3,, P5p~P57, P6o~P67, Xour, & 


With respect to Vss | 


at “off” state. 


RECOMMENDED OPERATING CONDITIONS 


(Vec=5V+10%, Ta=—10~70°C unless otherwise noted) 








Vss 
Vin 







































Vin 






















lou(peak) 
lorvavg) 


lon(peak) 


aie 


Supply voltage 
“H” input voltage RESET, Xin, CNVsg (Note 2) 
“H” input voltage PO 9~P07,.P19~P17, P29>~P27 
_ P89~P37, P4y~P47, P5p~P5z 
. P69~ P67 
(expect Note 2) 
“L” input voltage CNVss (Note 2) 
“L” input voltage POg~P0;, P19~P17, P29~P27 
| P39~P37, P4g~P47, P5p~P57 
P6o~ P67 . 
(expect Note 2) 
“L” input voltage RESET 
“L” input voltage Xin 








“L” peak output current POpo~P0;, Plo~P17 
| P29~P27, P3y~P37 
P5q~ P57, P69~ P67 
“L” average output current PQo~PO07, Pip~P17 

P29~P27, P39~P37 










“H” peak output current POg~P07, P1p~P17 

P29~P27, P39 P37 
P59~ P57, P69~ P67 
“H” average output current POg~P07, P19p~P17 
P2 o~P27, P39~ P37 





Internal clock oscillating frequency 











P5o~P57, P6y~P6,7 (Note 3) 


P5o~P57, P6y~P67 (Note 3) 





oe 
Symbol Parameter 


. ae Supply voltage a ) 





He __| Supply voltage | 
Input voltage Xn,’ RESET 











| Output transistors are | 


1000(Nate 1) mw 
Operating temperature | aaa —10~70 Cc 


Note 1: 






















=) nevi 























—0. 3~Voct0..3 V 





- =40~125 c 





Note 2 : Ports operating as special function pins NNT (ese EV,~EV3(P3)~P3.), RxD(P3,), 
Scik(P3—) © 
Note 3: lotcavg) and lon(avg) are the average current in 100ms. 
Note 4 : The total of lo. of Port PO, P1 and P2 should be 40mA (max.). 
The total of lo, of Port P3, P5, P6, R/W SYNC, RESETour, RD, WR and “) should be 40mA (max.). 
The total of Ioy of Port PO, P1, and P2 should be 40mA (max. x.) 
The total of Io of Port P3, P5, P6, R/W, SYNC, RESETour, RD, WR, and 1) should be 40mA Gee): ; 
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SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 





ELECTRIC CHARACTERISTICS ( (Vec=5V410%, Vss= 0V, Ta=—10~70°, f(Xin) =10MHz) 


Limits 


| Vou | “H” output voltage RD, WR, R/W, SYNC, RESETour, 4 ae | a eae ee 
































P39~P37, P5p~P57, aoe 

“L” output voltage POg~P07, P1g~P17, P29~P2, 

VoL P39~ P37, P59~ P57, P69~ P67 
RD, WR, R/W, SYNC, RESETour, ¢ 


“L” output voltage PQg~P07, P19~P17, P29~P27 
lot =5 mA 
P3 o™~ P37, P5o~ P57, P69~ P67 
Hysteresis INT,~ 3(P69~P32), EV1~3(P39~P32) F ti t | 
unction input leve 
RxD(P3s), Scik( P36) 


aS ea kes SeaTac a5 a area! 51m ee 


“L" input current POo~P0;, Plo~P17, P29~ P27 
P39~P37, P4q~P47, P59~P57 
P69~P67, RESET, Xin 
“H” input current PQg~PO07, Plo~P17, P2o9~P27 
P389~P3;, P4)~P4z, P5o~ P57 
P6y~P67, RESET, Xin 


it 
0 
r 

































Note 5 : The terminals RD, WR, SYNC, R/W, RESETour, ¢, Xour, D-A1 and D-Ap.are all open.The other ports, which are in the input 
mode, are connected to Vss. A-D converter is in the A-D completion state. The current through ADVper and DAVper iS not 
included. (Fig. 41) 


A-D CONVERTER CHARACTERISTICS 


(Voc=AVec= 5V, Vss=AVss=0V, Ta =25°C, f(Xin)=10MHz unless otherwise noted) 


ile eaines | Min. | 


Se ee ee ee 
[Taso accuracy «dee Aer TCC 
icons | Conversiontime ——SSCSC—“—sS—“—s~iSSS 
PVin [Aral mputvotase TSC 

Siar pho oe ead 






. 
Gj 
en a 

ee a 












D-A CONVERTER CHARACTERISTICS (Vcc=5¥, Vss=AVss=0V, Ta=25 unless otherwise noted). 


a 
Gg lie ee ee 
ee 


alae stat supply input voltage | 0 | 
Reference power input current : 












Limits 





Test condition 



















lDAVREF 
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~M37450M2-XXXSP/FP,M37450M4-XXXSP/FP- 
— M37450M8-XXXSP/ FP 


SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 





TIMING REQUIREMENTS | | 
Port/single-chip MOde (Vcc=5V+10%, Vss=0V, Ta=—10~70T, unless otherwise noted) 


est conaition 


0 





Symbol Parameter 





N 


No 
co) 
O;oO 


tsu(pop—¢) | Port PO input setup time 


tsu(p1p—¢) | Port P1 input setup time — 


NO 
© 
oO 


tsu(p20—¢) | Port P2 input setup time 











‘tsu(p3p—¢) | Port P3 input setup time © 


NO 
=) 
oO 


tsu(pap—g) | Port P4 input setup time 







tsu(psp—¢) | Port P5 input setup time 


Port P6 input setup time : 
Port PO ‘input hold time 
Port P1 input hold time 
Port P2 input hold time 
Port P3 input hold time 
Port P4 input hold time 
Port P5 input hold time 
Port P6 input hold time 
External clock input cycle time 


tsu(pep—¢) 


N 
oO 
oO 


thc ¢—pob) 





thi g—P1pb) 
thi g—pe2pb) 






thc g—p3p) © 
th( ¢—Pp4pb) 
thi g—psp) - 


~TNTNM 
db ALA; HA;HR/ RIO! oO 
fen) O}O;}O}O;O;/O/]/O 


thc s—Pepd) 
to (Xin) 
tw(XinL) 
tw(XinH) 
tr(Xin) 
te(Xin) 


— 
=) 
© 


External clock input “L” pulse width 
External clock input “H” pulse width 


O;oO 


External clock rising edge time 





External clock falling edge time 


Master CPU bus interface timing (R and W separation type mode) | 
(Voc=5V+10%, Vss=0V, Ta=—10~70°C, unless otherwise noted) 


‘Symbol 


Parameter Test condition 


tsu(cs—r) cs setup time 
CS setup time 
CS hold time 
CS hold time 


Ao setup time 


tsu(cs—w) 
thcr—cs) 
thcw—cs) 
tsu(a—rA) _ 
Ao setup time 
Ao hold time 

Ao hold time 
Read pulse width 


tsu(a—w) 
thcr—a) 
thiw—a) 
twir) 
twiw) Write pulse width 
tsu(p—w) Date input setup time before write 


thcw—pD) 














Date input hold time after write 


Master CPU bus interface timing (R/W type mode) 


(Voc=5V10%, Vss=OV, Ta=—10~70°C, unless otherwise noted) 


Parameter oan Test condition 





Symbol 


cs setup time 
CS_ hold time 
Ao setup time 
Ap holdtime — 
R/W setup time 
R/W_ hold time 
Enable clock “L” pulse width 


tsu(cs—e) 
th(e—cs) 
tsu(a—E) | 
thie—a) 
tsu(RW—E) 





thce—rw) 


tw(eEL) 





twieH) Enable clock “H” pulse width 


trce) 
tfce) 
tsu(o—e) 
th(e—p) 





Enable clock rising edge time 
Enable clock falling edge time 





Data input setup time before write 





\ 


Data input hold time after write 
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SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 


Local bus/memory expansion mode, microprocessor mode | : 
(Vec=5V410%, Vss=0V, Tga=—10~70°, unless otherwise noted) © 
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_ 2 | _ MITSUBISHI MICROCOMPUTERS 
~ M37450M2-XXXSP/FP,M37450M4-XXXSP/FP 
| - | M37450M8-XXXSP/FP 


SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 





SWITCHING ‘CHARACTERISTICS | 
| Port/single-chip ‘mode (Vec=5V+10%, Vss=0V, Ta=—10~70°, unless otherwise noted) 


é clock pulse width (“H” level) | 
| 





Master CPU bus interface (R and W separation type mode) | 
| (Vec=5V410%, Vss=0V, Ta=—10~70°C, unless otherwise noted) 


Symbol Parameter Test condition : 
Min. Typ. 











Master-CPU bus interface (R/W type mode) (Vcc=5V+10%, Vss=0V, Ta=—10~70°C, unless otherwise noted) 


Data output enable time after read 
Data output disable time after read 
Proy output transmission time after E clock ; 





Local bus/memory expansion mode, microprocessor mode 


. (Vec=5V+10%, Vsg=0V, Ta=—10~70T, unless otherwise noted) 
Symbol 






Limits 
Parameter - Test condition : 
Min. Typ. Max. 


[180 
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M37450M2- XXXSP/FP, M374S0M4-XXXSP/FP 
M37450M8-XXXSP/FP 


SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 


TEST CONDITION 


Input voltage level ? Vj, 2. 4V 
Vir 0. 45V 


Output test level > Vo, 2.0V 


Vo. 0. 8V 





Fig. 38 Test circuit in oe Fig. 39 Master CPU bus interface Fig. 40 Local bus test circuit 
single-chip mode test circuit 


loc 
(test point) 


other power 
supply 


RESETour 
¢ 


Xout 





Fig. 41 loc (at stop mode) test condition 
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M374S0M8-XXXSP/FP 


| SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 





TIMING DIAGRAM. 


Port/single-chip mode timing diagram 


tw(XiwHt) tw(XinL) 









—tc(¢) 


tW(¢6L) 


: D4 2.4 
Port Pi input (| > 
| 0.45 0. 45 








thc —pip) 
td(¢—pip) 
Port Pi output ( 2.0 
0.8 
Note : Vin=0. 8Vcc, Vii=0. 16Vec of Xin 
Master CPU bus interface/ R and W separation type timing diagram 
Read 
; tsu(a—r) th(r—a) 
Ao | J 2.4 2.4 , 
. | 0. 45 0. 45 
6s — es tSU(cs—R) th(r—cs) 
0.45 | 0.45 
R 
ae |e 2.0 
3 ta(a— D) ale D) 
. | y 2.0 
teLH(R—PR) 
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SINGLE-CHIP 8-BIT cmos. MICROCOMPUTER | 








Write 
tsu(a—w) thw—a) 
\} 2.4 a 
7 ee 2 
- —w) thiw—cs) 
. Se 
Ww 


‘thiw—p) 


twow) 
0. 45 Re 


| 2:4 2 


t 
SU(p—w) 20 
——=>| tpLH(w—pr) 
Master CPU interface/ R/W type timing diagram 

tWeL) tW(en) 

E 
0. 45 0. 45 ; 0. 45 
tice) 
tsuca- —E) 
— ) Ea. A) 

Ao 





2.4 mn 
R/W 0.45 


mal, th(e—cs) - 
CS 
0. 45 


read , 
. ta(e—p) li D) 
ial E) 
fa D) 
write 


ae, 415 
~ DBy~DB, : 4.0.45 


. 2.0 
Proy ; ; 


tpLH(E~PR) 
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M37450M4-XXXSP/FP 
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SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 


Local bus timing diagram 


R/W 


' “SYNC 


Ao~Aits 


Do~D7 
CPU read 


CPU write 


Ao~ D45 


Do~D7 
CPU read 


- Do~Dy 


CPU write 


tcc) 








twos) > 


tr) 


Wwe) tV(wr—a) 
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DESCRIPTION 

The M37450S1SP/FP is a single-chip microcomputer de- 
signed with CMOS silicon gate technology. It is housed in a 
64-pin shrink plastic molded DIP or -an 80-pin plastic 
molded QFP. In addition to its simple instruction sets, the 
ROM, RAM and I/O addresses are placed on the same 
memory map to enable easy programming. It is suited for 
office automation equipment and control devices. The low 
power ,consumption made possible by the use of a CMOS 
process makes it especially suitable for battery powered 
devices requiring low power consumption. It also has a uni- 
que feature that enables it to be used as a slave micro- 
computer. 

M37450S1SP/FP, M37450S2SP/FP and M37450S4SP/FP 
have basically the same functions as M37450M2-XXXSP/FP 
except the RAM size and the fact that these three need ex- 
ternal ROM area. The differences among M37450S1SP/FP, 
M37450S2SP/FP and M37450S4SP/FP are as shown below. 


Also M37450S1SP has the same function as M37450M2- 
XXXSP/FP in microprocessor mode and M37450S2SP/FP 
has the same function as M37450M4-XXXSP/FP in microp- 
rocessor mode. 










DISTINCTIVE FEATURES 
@ Number of basic instructions::::::ttrtt tee 71 
69 MELPS 740 basic instructions-++ 2 multiply/divide in- 

structions | 

3) Memory SIZQ@Q ROM eveeeercccccsrctccseescetsetseeeseeecceans None 
RAM--s + 128 bytes (M37450S1SP/FP) 
256 bytes (M37450S2SP/FP) 
448 bytes (M37450S4SP/FP) 


M37450S1SP/FP.M37450S2SP/FP 
M37450S4SP/FP 


MITSUBISHI MICROCOMPUTERS 






8-BIT CMOS MICROCOMPUTER 



















CONFIGURATION (TOP VIEW) 






















P3/Srpy aaa Ae Voc 
P36/Seork - AVss 
P3./TxD +> ~ Vacr Reference 


voltage input 


















































































/0 P3,/RxD ++ [4] > D-A; | pa 
Port PS | b34/PWMour + LE — D-Ag | output 
P32/EV, + [6] *— P4o/ANo 
P3,/EV.+ — P4,/AN, | !nput 
+ P4,/AN> port P4 
P5,/DB, + [3, — Ao 
P5,_/DB, + [10] mac) 
P5;/DBs +> — Az 
1/0 P5,/DB, — As 
port PS P53/DB3 +> Ag 
P5./DBp +> Zz = EEA; 
P5,/DB,++[5} © GS & fa, 
P5o/DBo +* 16) o ° a fe) a > Ar Address 
P6,/W > n DN Misi Azs bus 
& MH + 
” Oo WN 
pe/CS+fg] FF UL Ayo 
1/0 P6,/A0 +> 
port P6 P63/Proy 






P6,/INT3 <> 
P6,/INTs <-> 
Read/Write © P6o/INT, +> 


status output 
Synchronous 
signal output 










Reset input 





Clock input Xin > Data bus 


Clock output 


Timing output 


Outline 64P4B_ 


APPICATION 





ELECTRIC 


® Instruction execution time ; oie 
(Shortest.instruction at 10 MHz) «ree 0.8us(min.) Slave controller for PPCs, facsimiles and page printers 
@ Single power supply :--cterteeeretettereereeee 5V+10% HDD, optical disk, nvelerane industrial motor controllers 
@® Power dissipation normal operation mode Industrial robots and machines 
(at 10MHz frequency) a arnr"ercleteietarare arceeaigss\eralecoceteieic gre ptalecoteaires 30mWwW 
@® Subroutine nesting --:-64 levels max. (M37450S1SP/FP) 
e Interrupts seees a ee er Le 15 events 
@® Master CPU bus interface vrrcercecceeee ect et tere eteeees 1 byte 
@ 16-bit timer -.e Tem eesesseserce eeer eee er re ee rT ere eee 3 
S 8-bit timer (Serial /O use) iMibia Sea ase er wauad pews vtmceewaesad 7 
@ Serial I/O (UART or clock synchronous) °**::**°+"": seteeees 1 
@ A-D converter (8bit resolution) --::::--:: 3 channels (DIP) 
, | _ 8 channels (QFP) 
@ D-A converter (8-bit resolution) -:-::e 2 channels: 
@ PWM output (8-bit or 16-bit) ReMeni ane dC btue seas shee ene uuu | 
@ Programmable I/O . _ 
(Ports PO, P41, P2, P3, P5, P6) wie vals botnet teeta ence es ‘esate aes 48 
-@ Input (Port P4) Piven Reser ew sderadewrne Gea: (DIP), 8 (QFP) 
e Output (Port D-A;, D-A>) tes Seah Sy Neyer A laieata ghee Grereteke Boeutoe ieee Seve y) 
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PIN CONFIGURATION (TOP VIEW) 





rrerFrrir & 


i2}+—P4,/AN, 
<—P4/AN> 
+ P43/AN3 
+ P44/AN4 
fa + P45/AN5 
iB] <— P46/ANg 
13] <—P47/AN7 


33 

w 
a> 
RO 

[2] 
a 


P4o/ANo — [65, 


M37450S1FP 
or : 

M37450S2FP 
or 

M37450S4FP 


_ P3)/EV, +> 
[80] 


i 
El 
Ss 


P31,/EV2 <> [| 
P39/EV, «+ [x] 
P57/DB7 <> [=] 
P5¢6/DBg + [| 
P55/DBs «+ [o| 
P54/DB,4 «+ 
P53/DB3 «+ [o| 
P52/DBo <> <0 | 
P5,/DB, + [= 
P50/DBo +> [=] 
P66/R ++ 
P6s/CS «+ [= 
P64/A0O «+ 
P63/Proy ++ [5] 
P62/INT3 «+ 
P6,/INT2 + [= 
P6o/INT1 <> | 
RESETour + [2 


Outline 80P6 : | NC : Noconnection 





- | | © =itsusisui 
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| M37450S1FP BLOCK DIAGRAM 





Clock Clock Timing Reset Reset 

input output output input output 

Xin OUT g RESET Eee toll WR RD R/W SYNC 
: ee? ae © 2s 


Data bus 













Stack 
pointer 






Index 
register 





register 
(8 






IBF, _ 
-Bus interface 
||) 


ZEEEZZ== = S2REe, 
Lihbee itn mn 
- {AMM SOLAS WOE neanne Oe 
SS —— Voc AVss——__.-—_—_| 
1/O port P6 I/O port P5 ADVrer Input port P4 
Note 1: 256 bytes for M37450S2FP and 448 bytes for M37450S4FP. 





—~@-8—— --@ —@+48-—— 


ete 


Ge) Ley, nul 


D-Ap I/O port P3 


(5Vv) (OV) 
Vcc Ves Vss 










in 


—— Timer ne latch 
Sw pia 
tote apes 

oa ise Fae a latch 


I 


FL_® 






i 





Cane, —— 3 SEY. 
=e aL (16) ae ee 
LS 
3 Pulse width 
er modulator 


Pe: ee tee 
| plese =< Pir= 


Serial V0) a lie 
a. Ee wom: 3 ote 
il 
dav, 








nits t i | ; 
240-24 


CSBICSIEOS7E8RS 
a re a 


EE Data bus 


i [Se Le ) 
/ Timer 3 latch 





Instruction 
register 
Instruction 
decoder 


Control signal 


P1 (8) 


( 


ENED 


R8kg 


Address bus 


) 


PO (8) 


aut 


SOSESR 


£65) 





CNVss 
(5V) 


7 


YALNdINODONSIWN SOND 119-8 





di/dSvSOSPZEWN 
di/dSZSOSPLEW' d4/dSTSOSPZEIN 


SUALNdWODOUDIW IHSISNSLIW 


OL9—c 


91IMLOaT3 
IHSISNS_LIW 


M37450S1SP BLOCK DIAGRAM 


Clock Clock Timing Reset 
input = output output. input 





R/W SYNC 









Data bus 


Processor 
Status 
register 










Stack 
pointer 


Index 
- fegister 










A tA A 
as 


4 
i 
CAC 4 N6)-—6263. —— e ; 








poet mai Eo 





|) =, Ene Bw 
jo J 
h 
| 
(8) 


(5V) (Ov) 
Vec | Vss 
= 62-——_—— 


P3 (8) 
<1 


rage 
ae 


mer 3 latch 
(16) 





Instruction 
register 
Instruction 
decoder 


Control signal 








| 







aa 
aoa 
eT Ua oy 


—— - —AM8KHOLH23223 IED X2B KAGE KEXT) 338465666 7686340 a 65656 
SSS ———_.——_——  Vrer AVsss———_.-_-D Ao D-A, —_—-~-- ——_.—_— —_-__- —— Se CNVss' 
I/O port P3 1/0 


I/O port P6 © I/O port P5 Input port P4 


Note 1 : 256 bytes for M37450S2SP and 448 bytes for M37450S4SP. 


port P2 Data bus __ Address bus (5V) 


a 


YALNdGUNODOUDIN SOWD LId-8 


di/dSVvSoOSsVZelN 


d4a/dS¢CSOSPZLEW da /dSTSOSVZEIN 


SUA LNdWODOUDIW IHSISNSLIW 
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8-BIT CMOS MICROCOMPUTER 





FUNCTIONS OF M37450S1SP/FP, M37450S2SP/FP, M37450S4SP/FP. _ 


Number of basic instructions 71(69 MELPS 740 basic instructions+2) 

















| 
apt 


P4 3-bitX 1(8-bitX1 for 80-pin model) 
Serial I/O UART or clock synchronous 


16-bit timerxX3, ; 
Timers 
8-bit timer(serial |/O baud rate generator) X1 


Pulse width modulator 8-bit or 16-bit 1 : 










Input/Output port : 


















Data bus buffer 1-byte input and output each 
; ; 64-levels( max. for M37450S1SP/FP) 
Subroutine nesting 


-| Input/Output voltage 5V 
Input/Output characters 
Output current +: 5mA(max 


64-pin shrink plastic molded DIP 7 


( 
96-levels(max. for M37450S2SP/FP, M37450S4SP/FP) 
) 
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PIN DESCRIPTION 


In ut/ : 
: : - Functions 
“Output 


‘Power supply inputs 5V+10% to Voc, and OV to Vgs. 








Supply wpiiage 


_ RESET 






To enter the reset state, the reset input pin must be kept at a “L” for more than 2us (under normal Vcc 
conditions). If more time is needed for the crystal oscillator to stabilize, this “L” condition should be main- 
tained for the required time. . 


Clock input - . tnt This chip has an internal clock generating circuit. To control generating frequency, an external ceramic or a 
quartz crystal oscillator is connected between the Xin and Xour pins. If an external clock is used, the clock 

Clock output a source should be connected to the Xiy pin and the Xour pin should be left open. 

pet Timing output Outputs signal consisting of oscillating frequency divided by four. 


Reset input 








Synchronous signal 


This signal is output “H” during operation code fetch and is used to control single stepping of programs. 


output 
\ 


Read/Write 
status ae 


Address bus ced This is 16-bit address bus. 


This signal determines the direction of the data bus. It is “H” during read and “L” during write 















Data bus This is 8-bit data bus. 


Input/Output port P3 









Port P3 is an 8-bit 1/O port with directional registers allowing each I/O bit to be individually programed as 
input or output. The output structure is CMOS output. Serial I/O, PWM output, or even I/O function can be 
selected with a program. 


Analog input pin for the A-D converter. The 64-pin model has three pins and the 80-pin model has eight 
pins. They may also be used as digital input pins. 


An 8-bit input/output port with the same function as P3. This port functions as an 8-bit data bus for the mas- 
ter CPU when slave mode is selected with a program. — 


Input port P4 
Input/Output port P5 


iaput/ Oar port P6 An 8-bit input/output port with the same function as PO. Pins P63~P67 change to a control bus for the mas- 
ter CPU when slave mode is selected with a program. Pins P69~P62 may be programmed as external in- 


terrupt input pins. 





D-A,, D- Ap D-A output Analog signal from D-A converter is output. 
VREF Reference voltage 
. input 
A-D reference voltage =e Reference voltage input pin for A-D converter. This pin is for 80-pin model only. 
. input . 


Reference voltage input pin for A-D and D-A converter. This pin is for 64-pin model only. 











‘DAVrer D-A reference voltage Reference voltage input pin for D-A converter. This pin is for 80-pin model only. 
input , : 
Analog power supply Ground level input pin for A-D and D-A converter. Same voltage as Vss is applied. 


AVcc Analog power supply Power supply input pin for A-D converter. This pin is for 80-pin model only. Same voltage as Vecis applied. 
2 In the case of the 64-pin model AVcc is connected to Vcc internally. 


Write signal output. 











Control signal output as active “L” when valid data is read from data bus. This pin is for 80-pin model only. . 









Control signal output as active “L” when writing data from data bus to external component. This pin is for 
80-pin model only. 











Control signal output as active “H” during reset. It is used as a.reset output signal for peripheral compo- 
‘nents. This pin is for 80-pin model.only. 


RESETouyrt| Reset output 
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BASIC FUNCTION BLOCKS 

The differences between M37450M2-XXXSP/FP and M374- 
50S1SP/FP are noted below. Other functions are the same 
as M37450M2-XXXSP/FP in microprocessor mode. | 


MEMORY 
A memory map for the M37450S1SP/FP is shown in Figure 


1. Addresses FF00;, to FFFF,, are a special address area 
(special page). By using the special page addressing 
mode of the JSR instruction, subroutines addressed on this - 
page can be called with only 2 bytes. Addresses FFEO;, to 
FFFF,, are vector addresses used for the reset and inter- 
rupts (This area must be located in ROM area). 

Addresses 0000,¢,~00FF 4. are the zero page address area. 


By using the zero page addressing mode, this area can 
also be accessed with 2 bytes. The use of these addres- 
sing methods will greatly reduce the object size required. 
The RAM, I/O port, timer, etc:, are assigned to this area. 
Addresses 0000,;, to 007Fig are the RAM address area 
assigned to the M37450S1SP/FP and consist of 128 bytes. 
Addresses 0000;, to OOBF,, and 0100,;, to 013F,, are the 
RAM address area assigned to the M37450S2SP/FP and 
consist of 192 bytes and 64 bytes respectively. 

Addresses 0000;,¢ to OOBF;,.and 0100;, to O1FF,¢ are the 
RAM address area assigned to the M37450S4SP/FP and. 
consist of 192 bytes and 256 bytes respectively. 

In addition to data storage, this RAM is used for the stack 
during subroutine calls and interrupts. 





Decimal | 
0000,¢ ; 
RAM for RAM for ; 
M37450S2SP/FP 
50S1SP/FP 
M37450S4SP/FP ead 
(192 bytes) 
127 
i 
| 
! : 191 Zero page 
QOBFig Rh —--—--——-—-- 
ee | Reserved area 7 
(Note 1 
00D0i6 
O0D6i, 
SFR area 
(Fig. 2) 
RAM for RAM for 010046 r 
M37450S4SP/FP M37450S2SP/FP | 
(256 bytes) (64 bytes) O13F 16 | 7 
(OLFFig | 
| : ' 
| 
| | 
| I 
l | 
l | 
| 
| | 
FROG gL ee ee + 
| | 
H ! 
FFEQ,, Oren ens Special page for 
! Interrupt vector area | subroutine call 
| 
Biber 65535 | 


Note 1: 


Fig. 1 Memory map 


Refrain from using this area because it is reserved for future expansion and system area extention. 
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[Paregster SSS 
| 
| | 


A-D register Timer 2 latch (high-order) | 


MISRG1 ‘Timer 1 latch (high-order) 
A-D control register Timer 3 register (low-order 


MISRG2. : | Timer 2 register (low-order) 
D-A1 register. Timer 2 register (high-order) 
D-A2 register ~ Timer 2 latch (low-order 


Data bus buffer register - Timer 3 register (high-order) 
Data bus buffer status register - Timer 3 latch (low-order) 


. . 
P6 directional register Timer 1 latch (low-order) 
Receive/transmit buffer register Timer 3 latch (high-order) 


| Interrupt control register 1 





Fig. 2 SFR (Special Function Register) memory map 
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ABSOLUTE MAXIMUM RATINGS 


lv | Input voltage RESET, Xin 


Vcc 
Vi 
Input voltage POo~ P07, Pip~P1yz, P29~P27, 
V; 
V, 
Vo 









| 


Input voltage CNVss 
Output voltage POg~P07, Pl9p~P17, P29~P2z, 
P30~P3;, P5o~P5r, P69>~P67, V 
Xour: ?, RD, WR, R/W, 
RESETour, SYNC 


| Pq | Power dissipation Tag= 25 1000 (Note 1) . 
. 9, d 

Tope | Operating tonperaire (ee 
Tstg Storage temperature =AQas(D5 


Note 1 : 500mW for QFP type. ; 
























P3p~P3z, P4o~P47, P5o~P57 
P69~P67, ADVrer, DAVrer, 
Vrer, AVoc 











—0.3~Vect0. 3 
With respect to Vss corr 


Output transistors are 
at “OFF” state. 






















ae saO.s) 





RECOMMENDED OPERATING CONDITIONS 


(Voc=5V+10%, Ta=—10~70°C unless otherwise noted) 


Symbol Parameter Unit 


[Veo |[Suppyvoage—SSC~=“*~*~‘“*~‘~*~*~*~*YCS 
FVss | Suppiyvotage —Ss=s=“‘“*SCS™*™*™~™C~*dCSC‘sCC’”“*d’W’#S“‘é#SW*CNY‘CS 
Mice st “H” Input voltage RESET, Xin, CNVsg (Note 2) 

“H” Input voltage POg~P07, P19~P17, P29~P27 
P39~P3;, P49~ P47, P5o~ P57 
P69~P67, (except Note 2) 
“L” Input voltage CNVss_ (Note 2) 

“L” Input voltage POo~P07, Plop~P17, P29~P27 
P389~P37, P4g~P47, P5p~P57 
P6)~P6, (except Note 2) 


Vcc 

Vss 

Vin 

Vin 

Vit 

Vin 

Viv “L” Input voltage RESET ie Oe. - AOIesl We. 
Vit 










































“L” peak output current POg~P07, Plo~P17 
lot(peak) P29~P27, P389~P37 mA 
P5o~ P57, P69~ P67 : 
“L” average output current POo~P0O7, Plo~P17 
lor(avg) P2o~P27, P3o~P37 5 mA 
P29>~P27, P39~P37 
P59~P57, P60~P67 (Note 3) 
f(Xin) Clock oscillating frequency 
is less than 40mA. = eee os 
The total of “H” output current loun(peak) of port P38, P5, P6, R/W SYNC, RESEToyr, RD, WR and 
¢ is less than 40mA. 























(Note 3) 























P5o~P57, P69~P67 
“H” peak output current POg~P07, Plo~P17 
P29>~P2;, P3g~P37 
P59~P57, P69~P67 
“H” average output current PQg~P07, Plo~P17 
lon(avg) 
Note 2 : Ports operate as INT;~INT3(P69~P6z2), EV; ~EV3(P39~P32), RxD(P3,) and Scik (P36) 
Note 3 : The average output current Ioy(avg) and lo.(ayg) are the average value during a 100ms. 
Note 4 : The total of “L” output current lot(peak) of port PO, P1 and P2 is less than 40mA. 
The total of “H” output current lon(peak) of port P0,P1 and P2islessthan40mA. > 
The total of “L” output current lo.(peak) of port P3, P5,-P6, R/W SYNC, RESETour, RD, WR and d 
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ELECTRICAL CHARACTERISTICS (Veo = 5V+10%, Veg = OV, Ta = —10~70°C, f(Xjy) = 10MHz, unlseeicihenvise noted) — 
Limits 


Symbol Parameter - ; Test conditions ; 
Min. Ty 


“H” output voltage POg~P07, P19~P17, P29~P27 ee Seo Ss 
V lox=—5mA —1 
P389~P37, P5p~P57, P6go~P67 


“L" output voltage POg~P07, P1p~P17, P29~P2z. 


VoH 

OH 
Vo. P39~P37, P5p~P57, P6p~P67 

RD, WR, R/W, SYNC, RESETour, ¢ 

VoL 

Ee 
fie 
loc 











3 









lop=2mA 









“L” output voltage POg~P07, Pl9~P17, P29~P27 
! . loLp=5mA 
P3o9~P37, P5p~P57, P69~ P67 












Sie 
| |e Oo .|0 
oOo f{—_ 

2/9 
wo lain} = | = 





At stop mode 





Supply current 


in 








Hysterisis INT;~INT3(P69~P62), EV;~EV3(P39~P3,), 
Vr4+—Vr— a eer : ey =" | Eunetion input level 0.3 
RxD( P34), Scux(P3¢) 
PVs [HystersinXy SSC~C“*‘“~*S*S*~“*‘“S*S*S*dSC“‘CNSCSC“C(#NNSNSNNNNNCS 
“L” input current POQo~P0y, Plo~P17, P29~P27 
P69~P67; RESET, Xin 
“H” input current POg~P07, P1p~P17, P29~P27 
P3o~P3;, P49~P4z, P5o~P57 
P6)~P67, RESET, Xin 
At system operation 
. At stop mode (Note 5) 
Note 5 : The terminals RD, WR, R/W, SYNC, RESETour, ¢, D-A; and D-A, are all open. The other ports, which are in the input mode, are connected 
to Vss. A-D converter is in the A-D completion state. The current through ADVper and DAVper is not included(Fig.6). 
| = Resolution — 
Analog input voltage . 


P3o~P3;, P4o~P47, P5p~P5; 
. RAM retention voltage 
(Xin) =10MHz 
(Voc = AVoc = 5V, Vsg = AVss = OV, Ta = 25°C, f(Xin)=10MHz, unless otherwise noted) 
Reference input voltage 


Ladder resistance value ADVrer=5V 


Reference input. current ADVper=5V 
Analog power supply input voltage 
Analog power supply input voltage 


f . 


Resolution — 


Veo=DAVper=5. 12V 
tsu 
Waves 
VoavRer 


lpbavrer | Reference power input current 
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TIMING REQUIREMENTS : 
Port/Single-chip MOdE (Vec=5V+10%, Vss=0V, Ta=—10~70C, unless otherwise noted) 


Port P4_ input hold time 
Port PS input hold time 






































tw(Xisb) 
tw(XivH) 
External clock falling edge time 


Master CPU bus interface timing (R and W separation type mode) | | 
(Voec=5V+10%, Vss=0V, Ta=—10~70, unless otherwise noted) 


Symbol! Parameter Test condition 


tsu(cs—Rr) cs setup time 
tsu(cs—w) cs setup time 


thcr—cs) CS hold time 









thitw—cs) CS hold time 


tsu(a—w) 
ree 
oe 









twiw) Write pulse width 
tsu(o—w) Date input setup time before write 
Date input hold time after write 





thiw—p) 


Master CPU bus interface timing (R/W type mode) 


(Vec=5V410%, Vss=0V, Ta=—10~70, unless otherwise noted) 


Limits 
Symbol Parameter Test condition ; 
smn | Pama 
sueswa: eee Le cae 


' thte—cs) CS_ hold time 


Ay setup time 
























Ag _hold time 
R/W_ setup time 


th(e—rw) R/W holdtime - 










Enable clock “L” pulse width 


Enable clock “H” pulse width 
Enable clock rising edge time 





Enable clock falling edge time 
Data input setup time before write 
Data input hold time after write 
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Local bus/Memory expansion mode, Microprocessor mode 


Symbol 
-¢ 


(Vec=5V+10%, Vss=0V, Ta=—10~70T,, unless otherwise noted) 


| 
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SWITCHING CHARACTERISTICS 
Port/Single-chip Mode (Vcc=5V+10%, Vss=0V, Ta=—10~70°, unless otherwise noted) 


Limits 


td( ¢—poaq) Port PO data output delay time 


td(g—p1aQ) Port P1 data output delay time 


td(¢—p2a) Port P2 data output delay time 


td(¢g—p3aQ) Port P3 data output delay time 


to(¢) Cycle time 











Master CPU bus interface (R and W separation fae mode) 
(Vec=5V#10%, Vss=0V, en unless otherwise noted) 


Data output enable time after read 


Data output disable time after read 
Proy output transmission time after read 
Proy output transmission time after write 





Master CPU bus interface (R/W type mode) (Vcc=5v+10%, Vsc=0V, Ta=—10~70°C, unless otherwise noted) 


sida Parameter. Test condition Unit 


a er 
a a el ae 
















Local bus/Memory expansion mode, microprocessor mode 
(Voc=5V+10%, Vss=0V, Tg=—10~70°C, unless otherwise noted) 


Sones a os eo 
















Symbol Parameter 










ante address delay time after ¢ 


data output delay time after WR 
















eee! 
ee 
omnes 


0 





el ee eee 

else 

ee oa 
eee ene ee 
eee eae 
a oe 
Se 
eens 
=a 


nee 
Foc 







| ns | 
ns | 
alia 
ns 
ns | 
| ns | 
0 _ ns 
eee ie! 
——_ | ns 
ns 
| ns | 








MITSUBISHI a _ a 
ELECTRIC : 











MITSUBISHI MICROCOMPUTERS 


M37450S1SP/FP, M37450S2SP/ FP 
-M37450S4SP/FP_ 


8-BIT CMOS MICROCOMPUTER 





TEST CONDITION — 


input voltage level > Vj, 2.4V 
Vir 0. 45V 
Output test level > Voy 2.0V 


Vor 0.8V 





Fig. 3 Test circuit in _ Fig. 4 Master CPU bus interface Fig. 5 Local bus test circuit 
single-chip mode test circuit ee 


- lee 
(test point) 


Vcc other power 
AVcc supply 
~~ 


ADVrer 
DAVrer 


8) 


D-At 
D-A2 
RD 


VU UU0VU DV 


WR 

R/W 

SYNC 
RESETour 


b 


Xout 





Fig.6 Icc (at stop mode) test condition 
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TIMING DIAGRAM 


Port/single-chip mode timing diagram 


tw(XinH) tw( Xiwh ) 









2.4 28 
Port Pi input 4 P 
0. 45 0. 45 





th(¢ —PiD) 
td(¢—PiD) 
Port Pi output (| 2.0 
0.8 
Note 2 Vin=0.8Vcc, Vir=0. 16Vec Of Xin 
Master CPU bus interface/ R and W separation type timing diagram 
~ Read 
Ao 
cs 
R 
- DBo~DB; 
2.0 


tetu(ra—er) 
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. Write 
tsu(,—w) ‘ th( w—a) 
A nana 
fos | | 
| tsu(cs—w) 
CS . 
0. 45 : 0. 45 
” 2.4 
th(w-p) 
2.4 
DBo~DB 
vee » 0. 45 
2.0 
Proy 


ieee ve tye 


Master CPU interface/ R/W type timing diagram 


tw(e.) . = tw(en) 





tsu(,—_) . 
, 2.4 
of 2. 
en | rr 2: 
| . | th(e—cs) a 
CS : : — : 
a | | 0.45 . |. 0. 45 


read 


| Pag 
DB, DB, . 0.8 


ta(e—o) ~<——--- | ame 


th( e—a) 


tv(e—p) 


tsu(o—_) 


th(e—p) 
write 


| | : ‘ ; : We 
DB, DB, _ . 


| | | . 2.0 
Proy { 


tety(e—pr) 
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Local bus timing diagram 


R/W 


SYNC 


Ao~Ai5 


Do~D, 





CPU read 


Do~D7 . 
CPU write 


Ag--D 
| tv(ro—a) 
2 tw 
RD tao) a 


Do~D7 
CPU read 


WR 


Do~D7 
CPU write 
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DESCRIPTION 

‘The M50734SP is a microcomputer designed with CMOS 
sillicon gate technology. It is housed in a 64-pin shrink 
plastic molded DIP (flat package type also available). This 
_microcomputer is useful.for business equipment and other 
consumer applications. 

In addition to its simple instruction sets, the ROM, RAM, 
and !/O addresses are placed on the same memory map to 
enable easy programming. 

The differences between the M50734SP and the M50734FP 
are the package outline, the voltage input pins for A-D, and 
power dissipation ability (absolute maximum ratings). 


DISTINCTIVE FEATURES 


e Number of basic instructions 6 9:6:6-6 0:8)0.0 6:8 6:60 8 6:06 viel ae.e Deeb ee ee Ne 69 

@. Memory size (internal memories are not provided) 
‘Memory area programmable memory °::::::*: 64K bytes 
data memory srr Lge awe see aNaeen ee eassey 64K bytes 


@ Instruction execution time 

seca 1us (minimum instructions, at 8MHz frequency) 
@ Single power 1] 0) o) | See 5V+10% 
@ Power dissipation 


normal operation mode (at 8MHz frequency) ---- 30mW 
@ Subroutine nesting sore 128 levels (Max.) 
@ Interrupt::+---- nveene alanis pinpetetae Monet 11 types, 5 vectors 
® Timers | 
16-bit timer/event counter (general purpose) -------""- 1 
8-bit timer (general purpose) vrrirrtriretetetereertees 
8-bit timer (watchdog timer): eerreeeteett teeter ete 1 
8-bit timer (strobe 1 (1051c) @ Meee | 
8-bit timer (baud rate timer) cosreeeeee trees iieeteneteveeneded { 
8-bit counter (control for stepper motor) str 2 


@ Stepper motor control circuit 
Se eee tea: 1channel for the X or Y direction 


@ Programmable |/O ports (Ports PO, P1, P2, P3)-+- 32 
e Input ports (Port P4) a ejaeis S's oieltrsidhaiwin' g ails dieigte di vigils wislvicielereieleigeesisGlee eas 4 
@ Serial 1/O 
8-bit clock synchronous sstrrrrttee se teceeesenees pe | 
8-bit UART veevrreeeereeeee aiid sGhReRewneIeni resi meciawuuds aivedwaks | 
_ Baud rate (at 7.37MHz frequency):--75bps~57600bps 
@ A-D converter::::::::-:: «++ 8-bit successive approximation 
@ PWM TUN ction sss rere reece cere eet t eee eet ee cette eee e teen neeeeeene ees { 
@ Multiplex-type bus ae 
Address: bligsries erie tn tise A teeereeeeees 16 
Data bus (multiplexed with lower address bus)---:--: 8 
APPLICATION 


Printer/plotter, Electronic typewriter, 


PPC, FAX, Portable 
word processor, Robotics | 


P0O,/STBout 


1/0 Port 
PO 


1/0 Port P1 


1/O Port P2 


PO;/DME ++ 
- P0,/TxD + 


P0,/RxD + 
Pio _- 
Pi, 


P2o/Ha > 
P2,/Hp 
P2./Ho + 
P23/Hq 
P24/Va +> 
P25/Vp + 
P2,5/Vo > 
P2,/Vq +> 


P3—/PWMourt - 


1/O Port 


P3 


P3,/SciK ~_ 
P32/Sio +* 


Reset input RESET — 


Clock input 
Clock output 


Xin > 


Xout 


RP 29/Ha + [eI 
 P24/Hb + [ol 


Outline 72P6 


PIN CONFIGURATION (TOP VIEW) 


+> P03/BUSYour 


++ P0./CNTR 


I/O Port PO 


+> P0,/INT2 
—> P0,/INT, 
++ WDour Watchdog timer 


++ Ap/Do 
++ A,/D, 
++ A2/Do 
++ Ag/D3 
+ A,/D, 
++ A;/Ds 
+ A-/Dg 
++ A7/D7 
— ALE 
> Ag 

> Ag 

— Aro 
— Ady 
— Arp 
— Aig 
> Aig 


— Ais 


dSveZOsn 


overflow output 


Address /data bus 


Address latch 
enable signal output 


Address bus 


Synchronous 


— SYNC, signal output 


—¢ 


Timing output 


_ WR Write signal output 


— RD _ Read signal output 


+ Vrer 


— P43/AN3 
+ P4,/AN> 
— P4,/AN, 
— P49/ANg 


M50734FP 


= 
Lae] 

El 
fez) 

S| 
~~ 


P22/He +> [S| 
P23/Hd + [=| 
P2,/Va~+ 
P25/Vb +> 
P2.6/Vc +> A 
P27/Vd +> =| 
P31/Scik ** 


P39/PWMourt ** 


Input port P4 


+ Veer 
— P43/AN3 
— P4./ANo2 
— P4,/AN, 
+ P49/ANo 
AVss 
Vss 
Vss 
— Xour 
— Xin 
+ RESET 
+> P3, 
++ P3, 
+> P35 


NC : No connection 
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M50734SP BLOCK DIAGRAM 


KiaXooe se , WR_ RD SYNC ALE RESET Voc (5V) Vgg (OV) = WDour 





Clock 









) 
generating - 

circuit 

! 
Instruction 
resister e 

! : £ 

Processor status Program Program Stack , 

register PS (8 counter counter pointer S (8) Instruction [Bie 
9 (8) PCy (8) - | PC, (8) decoder 

I . 





Control signal 































Os 
re 8-bit ALU } | Accumulator Index Index 
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FUNCTIONS OF M50734SP 


Instruction execution time ; 1s (minimum instructions, at 8MHz frequency 
















. : ) 
Clock frequency | | 
| PO, P1, P2, P3 1/0 | 8-bitX4 (all pins of PO, P2, and part of P3 have double functions) 
Input/output port , ; 


UART | 1 (built-in baud rate generator, 75~57600bps) 


4-bitX1 (P4 is in common with analog input) 
| 
7 
Trimer3SS”S™*~*~*~S*SSSSSS CPX Git 8-bit presealer) 
: 
| | 
| Three external interrupts, four timer interrupts 


Interrupts | | : : 
: + Two counter interrupts, one UART interrupt 
ae | Built-in | 
Clock generating circuit ; 
: (externally connected to a ceramic resonater or a quartz crystal resonator) 


| 




























Power dissipation 


5m 
Su 
Operating temperature range . —10~70° 
M50734SP 64-pin shrink plastic molded DIP 
Package 
M50734FP 72-pin plastic molded QFP 
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PIN DESCRIPTION 


[rene] 


AVoc Voltage input for A-D 
AVss . 
Reference voltage input] input — This is the reference voltage input pin for the A-D converter. 


Reset input 


Clock input 
Clock output ey 


Synchronous signal 
step operation. 


RD Read signa! output Control signal for read access to ROM, RAM and peripherals. 
|WR Write signal output Output Control signal for write access to RAM and peripherals. 


feed Address /atch signal for address Ap~Az. 


The contents of the lower-order 8 bits of the address bus and 8 bits of the address bus are output (cmos 
output). 


Power supply inputs 5V+10% to Vcc, and Vss 


This is the power supply input pin for the A-D converter. For M50734SP, this is not provided. 

















To enter the reset state, the reset input pin must be kept at a “L” for more than 2us (under normal Voc 
conditions). If more time is needed for the crystal oscillator to stabilize, this “L" condition shoule be main- 
tained for the required time. 


Input | These are I/O pins of internal clock generating circuit for main clock. To control generating frequency, an 
external ceramic or a quartz crystal oscillator is connected between the Xj and Xour pins. If an external 
clock is used, the clock source should be connected the Xiy pin the Xour pin should be left open. 


Output | This is the timing output pin. Clock oscillating frequency f(Xiy) divided by 4 signal is outputed. 


Synchronous signal is outputed when the op code is fetched, and is used to control the program’s single- 


















Address latch 
enable signal output 





WDourt Watchdog timer 
overflow output 
0 port PO vo 


INT, ( P0o) tntertu pt input 






Port PO is an 8-bit !/O port with CMOS tri- state output. Each port has double function, and can switch by 
software. 
























This is an interrupt input pin. 



















INT2(P0,) _ | Interrupt input This is an interrupt input pin. 

CNTR(PO,) | Timer I/O This is an output pin for the timer X. 

BUSYoy7(P03)| Busy signal output Output When the falling edge is inputed to INT; pin, this port is set by hardware. 
STBour(P0,4) | Strove pulse output Output | This pin is used for the strobe input to the external driver IC. 

DME(P0;) Data memory enable output; Output This pin is used for external memory expansion. 

TxD(PO,) | Transmission output Output This is an output pin for UART: . ; 





RxD(P0;) | Receive input . 


VO port PL V0 
VO port P2 v0 

~ P37 1/O port P3 1/0 
software. 


Sio( P32) Serial |/O bie This pin is used as an I/O pin for serial 1/0. . 
, P4o/ANo~™. | Input port P4/ iat Port P4 is a 4-bit input port, and is used as a 4-bit analog input port for A2D converter. 


This is an input pin for UART. 






Port P1 is an 8-bit I/O port with CMOS tri-state output. It is also used Hes “latch input” to read data when a 
low level signal is inputed to INT; pin. 









Port P2 is an 8-bit I/O port with CMOS tri-state output. By software selection, it can also be used as an out- 
put port for the decoder logic of a stepper motor control circuit. . 








Port P3 is an 8-bit |/O ‘seik with CMOS tri-state output. The Aingtion of the PSO ree can be selected by 






P43/AN3 Analog input 
port AN 
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BASIC FUNCTION BLOCKS 

MEMORY a 

A memory map of the M50734SP is shown. in Figure 1. 
Since the M50734SP contains no internal memory, the ROM 
and RAM must be connected externally. The addressable 
“memory space is 64K bytes however; by using the DME 
signal, up to 128K bytes can be accessed. 

The special address area is contained between addresses 
FFOO,, to FFFF,.. By using this special page addressing 
mode, subroutines located in this area can be called with 


only 2 bytes. The reset and interrupt vector addresses are- 


contained within addresses FFF4,., to FFFFi.. 


!DME="L" 
0000;, —— —— — eee 


| (oue=] 
| 


00D04., 
{ Reserved area (Note 2) 


OODAi¢ 


Special 


, Page 
for 


subroutine onary 
call Address H 
Address L. 
Address h 
Interrupt Address L 

"vector neeess th. 
Address L 
Address H 
Address L 
Address H 
_ Address L 
Address H 


The zero page address area is contained between 00004, 
and OOFF,,. Addresses within this area can be accessed 
with 1 byte. Frequently accessed addresses, such as in 
RAM, input/output ports and timers, are allocated to the 
zero page area. . 

Addresses 0100;¢ to 01FF,, are used mainly as the stack, 
and addresses 0200,, to FEFFi, are used memories for the. 
program and data. 


7 “OODAi64 Timer X (tower byte) 
0ODB,,{ Timer X (higher byte) 
00DC,.] Prescaler 1 
00DD;, 

OODE,.| Prescaler 2 

OODF 16 

O0E0,,] Prescaler 3 

00E1y6 

00E2,,] Horizontal counter 
00E3,,} Vertical counter 
00E4,, Transmit shift register 
00E5,,| Receive buffer register 
00E6,,| UART control register 
00E7,,} UART status register 
O0E8,,} Serial I/O register 
00E9,,} A-D control register 
OOEA,,} A+D register 


OOEBig Port P4 input 
O0ECi. Vertical phase |Horizontal phase 


OOED,,} Port P2 =e P3 function register 
OOEEis 

OOEF,, | Port P3 directional! register 
O0F0,,} Port P2 

OOF 1,6} Port P2 directional register 
OOF2,,_) Port P1 latch input 

O0F31¢ 

00F4,,.{ Port P1 directional register 
OOFS,.¢} Port PO function register 

OOF6,.4 Port PO 

00F7,,{Port PO directional register 
0OF8,,¢{ Stepper motor control register H 


O0F9,,_| Stepper motor control register V 


\ 
ITX, CNTR, or BRK \ OOFA,¢4 Strobe timer (Timer S) 
| HE or VE is 0OFB,.| Baud rate generator (Timer B) 
| Timer 1 |, Timer 2, or Timer 3 \  O0FC,,| Watchdog timer (Timer W) 
[RI or INT, 


\ OOFD,¢{ Interrupt contro! register 3 
\ OOFE;,] Interrupt control register 2 


OOFF,,] Interrupt control register 1 


| Area not included 


L. 


Note 1 : When the DME signal is “L”, an additional memory space of 64K bytes can be obtained. However the Space can be used only for data 


- memory such as ROM, RAM or peripherals. 


2 : This area is reserved for system expansion. 


Fig.1 Memory map 
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CENTRAL PROCESSING UNIT (CPU) 


The CPU consists of 6 registers and is shown in Figure 2. 


ACCUMULATOR (A) 
The 8-bit accumulator (A) is the main register of the micro- 
computer. Data operations such as data transfer, Input/Out- 
put, etc., are executed mainly through accumulator. 


Regnier 
_ Index register X 
Index register Y 
Stack pointer 


Program counter 


Fig.2 Register structure 





INDEX REGISTER X (X). 

The index register X is an 8-bit register. 

In the index addressing mode, the value of the OPERAND 
added to the contents of the register X, specifies the real 
address. When the T flag in the processor status register is 
set to “1”, the index register X itself becomes the address 
for the second OPERAND. 


INDEX REGISTER Y (Y) 

The index register Y is an 8-bit register. _ 

In the index addressing mode, the value of the OPERAND 
added to the contents of the register Y specifies the real 
address. 


Processor status register 


7 0 


Carry flag 

- Zero flag 
Interrupt disable flag 
Decimal mode flag 
Break flag 
Index X mode flag 
Overflow flag 


Negative flag 
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STACK POINTER (S) 


The stack pointer is an 8-bit register that contains the 


address of the next location in the stack. It is mainly used: 


during interrupts and subroutine calls. The stack pointer is 


not automatically initialized after reset and should be initial- 


ized by the program using the TXS instruction.. . 
When an interrupt occurs, the higher 8 bits of the program 
counter is pushed onto the stack first, the stack pointer is 
decremented by one, and then the lower 8 bits of the prog- 
ram counter is pushed onto the stack. Next the contents of 
the processor status register is pushed onto the stack. As 
each byte is pushed onto the stack. When the return from 
interrupt instruction (RTI) is executed, the program counter 
and processor status register data is pulled off the stack in 
reverse order from above. 

The Accumulator is never pushed Sito the stack automatic 


cally, so a Push Accumulator instruction (PHA) is provided | 
to execute this function. Restoring the Accumulator to its 


previous value is accomplished by the Pull Accumulator in- 
struction (PLA). It is executed in the reverse order of the 
PHA instruction. 


The contents of the Processor Status Register (PS) are. 


pushed and pulled to and from the stack with the PHP and 
PLP instructions, respectively. 

During a subroutine call, only the program counter is 
pushed onto the stack. Therefore, any registers that should 


not be destroyed should be pushed onto the stack manual-. 


ly. To return from a subroutine call, the RTS instruction is 
used. 


PROGRAM COUNTER (PC) | 

The 16-hit program counter consists of two 8-bit registers 
PC, and PC,. The program counter is used to indicate the 
_ address of the next instruction to be executed. 


PROCESSOR STATUS REGISTER (PS) 

The processor status register is composed entirely of flags 
used to indicate the condition of the processor immediately 
after an operation. Branch operations can be performed by 
testing the Carry flag (C), Zero flag (Z), Overflow flag (V) 
or the Negative flag (N). Each bit of the register is ex- 
plained below. | 


1. Carry flag (C) 


The carry flag contains the carry or borrow generated by 


the Arithmetic and Logical operation Unit (ALU) im- 
_mediately after an operation. It also changed by the shift 
and rotate instructions. The set carry (SEC) and clear carry 


(CLC) instructions allow direct access for setting and- 


clearing this flag. 


2. Zero flag (Z) 
This flag is used to indicate if the immediate operation 
generated a zero result or not. If the result is zero, the zero 


flag will be sei to “1”. If the result. is not zero, the zero flag 
will be set to “0”. 


3. Interrupt disable flag (I) 


This flag is used to disable all interrupts. This is accom- 
plished by: setting the flag to “1”. When an interrupt, this 
flag is automatically set to “1” to prevent other interrupts 
from interfering until the current interrupt is completed. The 
SEI and CLI instructions are used to set and clear this flag, 
respectively. | 


4. Decimal mode flag (D) 

The decimal mode flag is used to define whether addition 
and subtraction are executed in binary or decimal. If the 
decimal mode flag is set to “1”, the operations are ex- 
ecuted in decimal, if the flag is set to “O”, the operations 
are executed in binary..Decimal correction is automatically 
executed. The SED and CLD instructions are used to set 
and clear this flag, respectively. 
5. Break flag (B) 

When the BRK instruction is executed, the same operations 
are performed as in an interrupt. The address of the inter- 
rupt vector of the BRK instruction is the same as that of the 
lowest priority interrupt. The contents of the B flag can be 
checked to determine which condition caused the interrupt. 
lf the BRK instruction caused the interrupt, the break flag 
will be “1”, otherwise it will be “O”. 


6. Index X mode flag (T) | 

When the T flag is “1”, operations between memories are. 
executed directly without passing through the accumulator. 
Operations between memories involving the accumulator 
are executed when the T flag is “O” (ie., operation results 
between memories 1 and 2 are stored in the accumulator). 
The address of memory 1 is specified by the contents of 
the index register X, and that of memory 2 is specified by 
the normal addressing mode. The SET and CLT instructions 
are used to set and clear the index X mode flag, respec- 
tively. 


ig Overtlow | flag (V) 


The overflow flag functions when one byte is added or sub- 


_tracted.as a signed binary number. When the result ex- 


ceeds +127 or —128, the overflow flag is set to “1”. When 
the BIT instruction is executed, bit 6 of the memory location 


_ is input to the overflow flag. The overflow flag is reset by 


the CLV instruction and there is no set instruction. 


8. Negative flag (N) 


The negative flag is set whenever the result of a data trans- 
fer or operation is negative (bit 7 is set to “1”). Whenever 
the BIT instruction is executed, bit 7 of the memory location 
is input to the negative flag. There are no instructions for 
directly setting or resetting the negative flag. 
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INTERRUPTS 


The M50734SP can be interrupted from 11 sources. The in- 
terrupts are vector interrupts, and their priorities and vector 
table is shown in Table 1. When the interrupt enable bit is 
set to “1”, the interrupt request bit is set to “1” and the in- 
terrupt disable flag to “O”, all interrupts except the reset 
and BRK instructions are acknowleded. The reset is treated 
as a nonmaskable interrupt of the highest priority. 


This is shown in Figure 3. 





Interrupt 
request 


Interrupt disable flag 


Reset 





Fig.3 


Interrupt control 





ae 
Gent 





Table 1. 














R1 or INT, 







ESET 
Ti 
; K 


7 


Bit 7 







Bit 6 
Bit 5 


Bit 3 


Bit 2 


Bit 1 


Bit 0 


7 


Bit 7 


Bit 5 


eS | . Bit 4: 


: Timer X interrupt enable bit 


R 
FEFDie, FFFCr6 
Timer 1, timer 2 or timer 3 FFFQi¢, FFF816 


HE or VE FFF716, FFF616 
TimerX,CNTRorBRK | 6 | FFFSi6, FEF4i6 


Bit 4: 


Bit6 : 


Bit3 : 


Bit 2 


OBitO: 


Interrupt vector address and priority 


Interrupt source Vector address 





| FFFFi¢, FFFEi6 







wo 


FFFBi6, FFFAi6 


or 


0 
io ee Interrupt control register 1 (address OOFF,¢) 


: Vertical counter empty request bit 
: Vertical counter empty enable bit 


: Horizontal counter empty request bit 


Horizontal counter empty enable bit 


: INT. pin interrupt request bit 
- INT. pin interrupt enable bit 
: INT, pin interrupt request bit 


: INT, pin interrupt enable bit 


0 
Pee Ae ele ab si a Interrupt control register 2 (address O0FE,.) 


z Bit.5 : 
Bit 4: 
Bit3: 
Bit 2: 
Bit1 : 


BitO : 


Timer 3 interrupt request bit 
Timer 3 interrupt enable bit 
Timer 2 interrupt request bit 
Timer 2 interrupt enable bit 
Timer 1 interrupt request bit 


Timer 0 interrupt enable bit 


Counter pin interrupt request bit 


7 0 . 
dt tte ole eetece lcd Interrupt control register 3 (address 00FD,¢) 


Counter pin interrupt enable bit 


Timer X interrupt request bit 


Counter pin interrupt polarity flag 


: Timer X count stop bit 


Bit 1: 


Timer X mede bits 


7 
Pep OR oh (ere Sha UART control register (address 00E6,.) 


MITSUBISHI 
, ELECTRIC 


Bit 4 : UART receiver full interrupt enable bit 


is 0 
a ae ee eae UART status register (address 00E7,.) 


Bit 0 : UART receiver full interrupt request bit 
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TIMER (VCU) 

The M50734SP provides a versatile contro! unit consisting 
of the timers and counters shown in Figure 4. 

Each of the timers is described blow. 


1. Timer X 


The 16-bit timer X consists of timers X,, X, and. their reload — 


latches. This timer has four modes which are selected by 
bit O and bit 1 (timer X operation mode bits) of the interrupt 


# fo (=f(Xin)/16) 






Prescaler 2 


Prescaler 3 










Fig.4 Structure of versatile control.unit 









: 8 
8 
8 


8 : 
os | Horizontal 
Horizontal counter ' 
: phase counter] |: 
8 ; 
Vertical counter 









Connect by “O 
Disable by “1” 


) 0246 


Reset | 
STP instruction 


Frequency division ratio=1/(n+1) 


Fig.5 Block diagram of timer X (0200;, is written to timer X automatically, after reset to stop instruction.) 


control register 3 (address OOFD,,). Figure 5 shows the 


_ structure of timer X and Figure 6 shows the structure of the 


interrupt control register 3. 

Timer X can select the count source, either the oscillation 
frequency divided by 16 or the event clock which is input 
from the CNTR pin. 

The timers are of the countdown type and the frequency 
ratio is 1/(n-+1)(n:0~65535, decimal). 


One shot strobe pulse 
16 

; 8 

8 


> General timer/counter 


Timer interrupt 







Timer interrupt 
PWM 
generating 


PWM output 
Circuit 


Timer interrupt 


Stepper moter 
control output 


Vertical 
phase counter 


Internal data bus 






Timer X 
interrupt request 


ae 
Timer X18) | Timer X,(8) 


O016| 















TXR Clear 
Reset 












(n=0~65535) 
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ee 


Timer X mode bit 
00 : Timer mode 
01 : Pulse output mode 
10 : Event count mode 


11: Pulse width measurement mode 


Timer X count stop bit 
O : Count start 


1+ Count stop — 


Count pin interrupt polarity flag 
0 : Count pin falling edge interrupt selection 


1: Count pin rising edge interrupt selection 


Timer X interrupt enable bit 
0: Timer interrupt disable 


1: Timer interrupt enable 


Timer X interrupt request bit 
0 - No timer X interrupt request 


1: Timer X interrupt request 


Count pin interrupt enable bit 
0: Count pin interrupt disable 


1. Count pin interrupt enable 


Count pin interrupt request bit 
0 : No count pin interrupt request 
1: Count pin interrupt request - 


Fig.6 Structure of interrupt control register 3 





The four modes of timer X are described below. the interrupt request bit is set to “1”. At the next cycle, 
(1) Timer mode (00) the contents of the timer latch are reloaded and the 
In this mode the oscillation frequency, divided by 16, is count continues. After resetting, this mode Is set auto- 

counted. When the contents of the timer reaches “0”, matically. 
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(2) Pulse output mode (01) e 
Every time the contents of the timer reach “0”, the out- 
put signal from the P0./CNTR pin changes polarity. 


If this mode is used, bit 2 of port PO function register . 
and bit 2 of the port PO directional register must be set: 


to “1”. : 
(3)- Event counter mode [10] 

The operation is the same as in the timer mode except 
that the input signal from pin PO./CNTR is counted. 
However, if this mode is used, bit 2 of port PO direction- 
al register must be set to “O”. The counter pin interrupt 


request bit is set by the event input signal. Therefore — 


the counter pin interrupt enable bit must be set to “0” 
to prevent an interrupt. | 
(4) Pulse width measurement mode (11) 
_ The oscillation frequency, divided by 16, is counted 
while the level of pin PO2/CNTR is either low or high. 
The level of pin P02/CNTR is selected by interrupt 
control register 3, bit 3. 


Reload prescaler latch (8) 


Prescaler 1 (8) 





| 











= 
Prescaler 2 (8) 





ee 
Prescaler 3(8) 
p fo (=f(Xin)/16) 


_Fig.7 Block diagram of timer 1, timer 2 and timer 3 


8-BIT CMOS MICROCOMPUTER 


When the contents of the timer X reach “O”, the inter- 
rupt request bit is set to “1”. At the next cycle, the 
latches contents are reloaded and counting continues. 
If this mode is used, the counter pin interrupt must be 
enabled and the timer X interrupt prohibited. 


2. Timer 1, Timer 2, Timer 3 


Timer 1, timer 2 and timer 3 each consist of an 8-bit prescal- 


er, an 8-bit timer, a prescaler reload latch and a timer -re- 
load latch. The structure of timer 1, timer 2 and timer 3 is 
shown in Figure 7. 

The count source for timer 1, timer 2 and timer 3 is the 
oscillation frequency divided by 16. These timers are of the 
countdown type and the frequency, ratio of the prescaler 
and timer is 1/(n+1)(n:0~255, decimal). | 

Timer 1 and timer 3 are also used to determine the step 
rate by connecting with the stepping motor control circuit 
and as timers for the PWM pulse output signal. 


Internal data bus 


Reload timer latch (8) 


(8) ; SQ 


Timer 1 





i int + mat 
Timor) intone: toques 


R T1Rclear 
Reset 


V counter 
VPH counter 


WT 2 


| T2R 
Timer 2(8) SQ 


Timer 2 interrupt request 


a T2R clear 
Reset 






Q PWM 





Timer 3(8) +S Q 


Timer 3 interrupt request 


R T3R clear 
C4 Reset 
» H counter 


HPH counter. 
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3. Timer S 


The structure of timer S is shown in Figure 8. Timer S has 


no reload latch. Whether or not a 1/4 frequency divider . 


should be put before the timer, is determined by bit 2 of the 
port P2 and port P3 function register (P2P3FR). 
If the 1/4 frequency divider is bypassed, the clock pro- 


duced by dividing the oscillation frequency by 16 becomes 
the count source for timers S. If it is built in, the oscillation 
frequency, divided by 16, (then divided by 4 once more), 
becomes the clock. This timer is of the countdown type and 
the frequency ratio is 1/(s+1)(s:0~255, decimal). 


Internal data bus 


$ fo( =t( Xin) /16) 


(Bit 2 of address 00ED;,) 


Fig.8 Structure of timer S 


WATCHDOG TIMER | 

As shown in Figure 9, the watchdog timer is composed of a 
10-bit prescaler and 8-bit timer counter. Timer W can be 
read from or written to by software. After a reset, this timer 
is set to FF,,. Every timer the prescaler overflows, timer W 





STBoyt/P0, pin 


Timer $(8) (Address OOFAi6) 


is decremented. When the contents of timer W (Nw) 
changes “00”, the WDour pin changes from “L” to “H”. 


If the oscillation frequency is 8MHz, the time (Ty) until the 


timer W underflows can be set by the following equation: 
Tw=16/f(Xin) X1024X(Nw1/2) (1SNwS255, decimal) 


Internal data bus =) . | 





Fig.9 Structure of the watchdog timer 


Prescaler (10) 


(Address O0FCi¢) 
Timer W(8) 


WDour pin 
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STEPPER MOTOR CONTROL CIRCUIT 
Two identical circuits for the control of two stepper motors 
(for a horizontal and vertical direction) are built in to the 
M50734SP and can operate independently. The block dia- 
gram is shown in Figure 10. | 

The horizontal and vertical counters are both 8-bit binary 
counters which contain the number of steps. The horizontal 


phase counter (HPHC) and vertical phase counter (VPHC) 
are both 3-bit binary counters and perform phase decoding. 
The two stepping motor control registers are 4-bit registers 
controlling, start/stop, single-step, direction and 2-2 or 2-1 
phase drive. The functions of these registers and the rela- 
tion between the phase counter and the phase output sig- | 
nals are shown in Figure 11. 


Internal data bus 


Reload prescaler latch(8) Reload timer latch (8) ; 


Prescaler 3(8) Timer 3(8) 


T3R clear 
‘Reset 


Reload prescaler latch (8) 


Reload timer latch (8) 


Prescaler 1 (8) 


interrupt 
request 


Reset am > 


Fig.10 Structure of stepper motor control circuit 


Timer 1 (8) Timer 





‘Phase decoder 
Port P2 multiplexer 


(Two identical circuits for horizontal and vertical direction.) 
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3 0 
ae a ee Stepper motor contro! register H (Address 00EC,,) 


| 2-2 phase action mode 
1-2 phase action mode 


po HPHC increment 
HPHC decrement 


Ea T3 non link (HALT) 
; T3 link (RUN) are 


el Invalidity 
Single shoot | 


0 1 2 3 4 5 6 7 
HPHC [ | | | | | | | 
P2)/Ha 
ff 2-2 phase 


P2,/Hd a a a ae ae 


P2)/Ha TN 
1-2 phase 
P23/Hd a (Ce en cial 





Fig.11 Bit functions of the stepper motor control register and relation between horizontal phase counter and phase 
output signals 
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PWM (Pulse width modulation) 12. | : 
The M50734SP includes a control circuit which generates —_— W3 is the time interval (time from reload to zero) of timer 3 
pulses of various duty.cycles utilizing timer 2 and 3. . 


and W2 the time interval of timer 2. 
The PWM signal is internally generated as shown in Figure 


_| Prescaler 2(8) Timer 2(8 


P fo (=f(Xin)/16) 





Fig.12 PWM signal generation 
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UART 

The M50734SP has an 8-bit duplex UART. The block dia- 
gram is shown in Figure 13, and the bit structure of the 
UART control register and UART status register is shown in 
Figure 14. The UART control register can be read from or 
written to by software, but the UART status register can 
only be read. 

Transmit/receive character length and parity addition are 


set by bit 0, 1 and 2 of the UART control register. 

The four possible transmit/receive formats are as follows: 
(1) 7-bit(no parity) —, 

(2) 7-bit + parity (odd or even selectable) 

(3) 8-bit (no parity). 

(4) 8-bit + parity (odd and even selectable) 

Each bit of the UART control register and UART status reg- 
ister is described in detail below. 





Internal data bus 


(Xin) /8 DB1 (USAR) 


Transmit 
clock 
generating 
circuit 
Toik 


RSHIF = 


f(Xin)/32 


MUX 8/32 


=e. 
—fe clock 1/16 Receive —— register Ditfer 
inulse cone ential 


Rxp 


a 
} [Transmit shift coal 


meee 


7 
rele De EP 


lle 


( ) TxD pin 


Parity aaa 
EP/OP 


ca 


START pulse detection 


circuit 


Receive ue 
Parity 
check 


cin 


Internal data bus 


Fig.138 UART (timer B frequency ratio : Marvels 





MITSUBISHI 
ELECTRIC | 








2—639 


MITSUBISHI MICROCOMPUTERS. 


M50734SP/FP 


8-BIT CMOS MICROCOMPUTER 





7 0 | 
| Mux JEP/ CH | | 
me] ve [pm Paes Foe] PM Tio] uaRrcomatreater (aden ne 


Character length selection bit - 

0 : Character length 7 bit 

1: Character length 8 bit 

Parity enable bit 

0: Parity disable 

1. Parity enable 

Even or odd parity selection bit 
0: Even 

1: Odd 

Multiplexer control bit 

0 : Timer B f(X,y)/8 selection 
1: Timer B f(Xin)/32 selection | 
Recive interrupt request enable bit 
O:RI request disable 

1: RI request enable 

Transmit enable bit 

0 : Transmit disable 

1: Transmit enable 

Receive enable bit 
“0: Receive disable 


1 : Receive enable 


poe fre |e} mi | ar 7 UART status register (Address 00E7 46) 


Receive interrupt request bit 
0: NoRt1 request 

1: R1 request 

‘Transmit empty bit 

0 : Now transmitting 

1: Transmission completed 
Parity error bit 

0 : No parity error 

1: Parity error 

Framing error bit 

0: No framing error 

1. Framing error 

Overrun error bit | 

0: No overrun error 


1: Overrun error 


Fig.14 Bit structure of UART control register and UART status register 
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Character length selection bit (CH7/8) 
If this bit is “O”, the 7-bit character mode is selected; 
If it is set to “1”, the 8-bit character mode is selected. 
It can be read from and written to by software. 


Parity enable bit (PEN) | 

If this bit is “1”, parity is added to the characters of the sig- 
nal being transmitted or received. If this bit is to “O”, parity 
is not added, and in the receive state a parity error can not 
occur. 

lf can be read from or written to by software. 


Even or odd parity select bit (EP/OP) 

_ If this bit is “0”, even parity is selected, if set to “1”, odd 
parity is selected. It can be read from or written to by soft- 
ware. | 


Multiplexer control bit (MuX 8/32) 

This bit selects the count source of timer B. If it is “O”, the 
oscillation frequency, divided by 8, is selected; if it is “1”, 
the oscillation frequency divided by 32 is selected. 

It can be read from or written to by software. 


Receive interrupt request enable bit 
(RIE) 

If this bit is “1”, the receive interrupt request flag (RI) can 
be set; if it is cleared to “0”, interrupts are inhibited. Even 
if the interrupts are inhibited, the RI flag remains as is. 

It can be read from or written to by software. 


Transmit enable bit (TE) 

If this bit is “O”, the transmit clock goes “H”, the transmit 
interrupt bit is cleared “O” and goes to the initial state. 
_When set to “1”, transmission will start. It can be read from 
or written to by software. 


Receive enable bit (RE) 

If this bit is “0”, the receive interrupt request bit (RI) parity 
error bit (PE), framing error bit (FE) and overrun error bit 
(OE) are cleared to the initial state. If-it is “1”, it will be in 
the receive enable state, and when the start bit is input into 
the P0O7/RxD pin, the receive operation will start. 

This bit can be read from or written to by software. 


DPanaatius int 
LiVwoiw weae 


This bit is set to “1” when a receive interrupt request 
occurs. It is cleared to “0” when the receive enable bit 
(RE) is set to “O” or when data is written to the receive 
buffer register. 


Transmit empty bit (TI) 

This bit is cleared to “0” when the transmit enable bit (TE) 
is set to “O” or when data is written to the transmit shift 
register (TR). When the transmission is eompletes: it is set 
to “1”. 


Parity error bit (PE) 

This bit is set to “1” when the parity odd or even selection 
bit is “O” and the number of is in the received data is even, 
or the parity odd or even selection bit is set to “1” and the 
number of “1’”’s in the receive data is odd. 

It is cleared to “O” when the receive enable bit (RE) is set 
to “O” or data is written to the receive buffer register. 


Framing error bit (FE) 
This bit is cleared to “O” when the receive. enable bit (RE) 
is set to “O” or data is written to the receive buffer register. 


_ When a framing error occurs, this bit is set to “1”. A fram- 
_ ing error occurs when transmitting data from the receive 


shift register to the receive buffer register and the iar bit 


of the receive data does not exist. 


Overrun error bit (OE) 

This bit is cleared to “0” when the receive enable bit is set 
to “0” or data is written to the receive buffer register. When 
an overrun error occurs, this bit is set to “1”. 

An overrun error occurs when the next data is transmitted 
from the receive shift register to the receive buffer register 
while the receive interrupt request bit (RI) is “1”. 

The receive and transmit operations are shown in Figure 15 
and Figure 16. : 
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Receive data START : ~ (Odd) - 3 
| [LsB] STOP 
Reik | | : 


sit reget 0 ae aS AEE Ce ae CE GE GE GC 


R1 


Data transmit 
signal to 
' receive buffer 





Fig.15 Receive operation (8-bit+1 parity mode) 


(Each receive data bit is read by a master slave flip-flop latched. When the start bit “0” (which is latched first) , 
when the Re:x signal is “L”. When the Rcix signal goes. _— overflows from the last bit of the 11 bit shift register, it is 
from “L” to “H”, it is transferred to the slave flip-flop and detected as the stop bit and the RI bit is set.) 


Teuk 


Transmit data yy YSTARTI 





Fig.16 Transmit operation (8-bit+1 parity mode) 


(When the Tox signal goes from “L” to “H”, the transmit set to “1”. The TI bit is cleared when TE is set to “0” or 
data is shifted. After the stop bit is transferred, the Tl bitis _ when data is written to the transmit shift register (TR).) 
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CLOCKED SERIAL 1/O 

The M50734SP has one 8-bit clock serial !/O. Its structure 

and transmit/receive operation are shown in Figure 17. | 7 | 
Data is transferred at a transmit speed of 1/4 the oscillation - | 
frequency. . 

Data is transferred and received beginning at the most sig- 

nificant bit. 


Internal data bus 


$ (=f(Xin)/4) (Address 00E8,, 


) . 
LSB SIOR (8) 
Clock control MSB Direction 
circuit — - MUX ; , 


(Bit 2 of address OOFE,¢) 





Serial counter (3) | —— Scork pin 


Writing to serial I/O register 
P32/Si0 


P314/Seik 





Fig.17 Clocked serial |/O and transmit or receive data 
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A-D CONVERTER 

The A-D conversion circuit is shown in Figure 18. With the 
A-D analog input pins P49/ANg ~ P43/AN3 are in common 
with the input pins of the data bus. The A-D control register 


(address 00E9,,) is a 3-bit register. One of four analog in- 


put pins is.selected by bit 0 and 1. The relation between bit 
0, 1 and the selected analog input pin is shown in Figure 
19. The A-D conversion speed is 36us (at 8MHz 
frequency) with an absolute conversion precision of + | 
3LSB. 


~~ Internal data bus ~ 


-D control register 
(Address 00E9;,) 


Cc 


Analog 


Multiplexer 


P4g pin 


Fig.18 A-D conversion circuit 


7 0 
a 














Fig.19 Structure of A-D control register 


mpartor 


__ Vgs pin 





A-D control register (Address 00E9,.) 


[Input port Pd selection bis] 
bife] Selected port 
Ojo] P4o/ANo 
Oltf P4/AN, 
1JO] P42/AN2 

PP P4s/ANs 


A-D status bit : 
A-D start 
A-D complete 
. Read 
0) A-D incomplete |. 


A-D conversion time is 36s (at 8MHz frequency) 


(Address 00EAj.) 
a 
| A-D register (8) - 


| Resistance ladder . 


— 


Vrer Pin - 


— 
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RESET CIRCUIT 


The M50734SP is reset according to the sequence shown 


in Figure 20. |t starts the program from the address formed’ 


by using the content of address FFFF,, as the high order 
address and the content of the address FFFF., as the low 
order address, when the RESET pin is held at “L” level for 
more than 2us while the power voltage is in the recom- 


SYNC 


Address 


6~9 clock cycles 


mended operating condition and the crystal oscillator 
oscillation is-stable and then returned to “H” level. The in- 
ternal initializations following reset are shown in Figure 22. 
An example of the reset circuit is shown in Figure 21. 

When the power on reset is used, the RESET pin must be 
held “L” until the oscillation of X;y-Xoy; becomes stable. 


ADy, AD, 


Reset address from 
the vector table 


- The relationship between f(Xy) and dis f(Xy)=4° ¢ 
: The mark “ ?” means that the address is changeable depending 
on the previous state. 


Fig.20 Timing diagram at reset 


Power on 
M50734SP 


voltage 
8 


OV , 
Reset input voltage 


Fig.21 Example'of reset circuit 
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(1) 
(2) 
(3) 
(4) 
(5) 


) 


(op) 


(7) 


(8) 


(9) 


Port PO directional register 
Port P1 directional register 


Port P2 directional register 


Port P3 directional.register 
Interrupt control register 1 


Interrupt control register 2 


Interrupt control register 3 


rmerx [ee 


( DBie, DAis ) 


Watchdog timer 


(WDour pin is “L” level) 


(10) 


Port PO function register 


Port P2 port P3 function register 
A-D control register 
UART control register 


Processor status register 


(Only interrupt disable flag is set) 


Program counter 


Fig.22 Register state initiated by RESET 
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Address 


oe 
ad 
0 
(re) 
e) 
(00) 


CFCi6) FFig 


(F5i6) 0016 


(ere) Lol o Px of 9 | of 





ce)  KXDExXx<T Xxx 
G0) 
ce) DLPLLLITLL 
ceo.) [[_Gantons ot acess FFs] 

, 


(PCL) 
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/O PORTS 


(1) 


Port PO 

Port PO is a CMOS three state 8-bit input/output port. 
As shown in the memory map of Figure 1, it is located 
at address OOF6,, on the zero page. Port PO has a 
directional register (address O00F7;,) to program each 
individual bit either for input or output. Those pins set 
to “1” are for output and those programmed to “O” are 
for input. 


‘This port also has a double function which can be 


selected for individual bits by the port PO function reg- 
ister (address O0F5,,). If the contents of the port PO 
function register are “0”, this port is used as a normal 
port; if they are “1”, this port is used as a special port 
for functions such as interrupt input, UART input/output 
etc. | 

The structure of the port PO function register is shown 
in Figure 23. 

Port P1 

Port P1 is a CMOS tri-state 8-bit input/output port. The 


I/O function can be selected in the same way as for 


port PO. An 8-bit input latch (address O0F2,,¢) of the 
transparent type, is built into port P1. Therefore, port 
P1 can be used either by reading address 00F3,., for 
non-latched data, or address OOF2,., for latched data. 
Port P2 | 

This port is a CMOS three state 8-bit input/output port. 
It can be set to input/output in the same way as port 
PO. By software 2 channels (1 channel=4-bit) from the 


stepping motor control circuit can be output simul- | 


taneously. Four-phase outputs can be selected by bit 6 
and bit 7 of the port P2 port P3 function register 
(address O0ED,,). The structure of the port P2 and P3 
function register is shown in Figure 24. 

Port P3 

Port P3 is an 8-bit CMOS three state input/output port. 
The pins of port P3 can be set to input/output in the 
same way as port PO. Ports P3, P3; and P3, have dou- 
ble functions, which are determined by bits 0 and 1 of 
the port P2 and port P3 function register (address 
OOED4,). 7 

Port P4 
Port P4 is a 4-bit input port. It can be used not only a as 
4-bit digital input port, but also as an analog input port 
for the A-D converter. 


If it is used as a digital input port, the contents of 


address 00EB,, are read. 

The 4 high-order bits of address 00EB,, are usually “0”. 
If port P4-is used as analog input, the ports are multi- 
plexed by the A-D control register and A-D conversion 
is executed. When digital input is performed during A- 


- D conversion, care is necessary as the precision of A- 


D conversion can sometimes be affected. 


(12) 


WDour pin 


‘This pin is set after the contents of the watchdog timer 


W resetting. It can not be cleared by software, only by 
reset. 

? pin 

The oscillation frequency, divided by 4, is output from 
this pin. 

Address bus and data bus 

The 8 high order bits of the address bus are output 
directly from A;3~ Ag. Addresses and data of A7/D7~ 
Ao/Dpo are multiplexed. When ¢is “H”, the 8 low order 
bits are output, and when ¢is “L”, data can be trans- 
ferred between A7/D7 ~ Ap/Dp and external memory. 
The 8 low order address bits must be latched in an ex- 
ternal latch with the ALE signal. 

RD pin 

While RD is “L”, the M50734SP can read external 
memory. | 
WR pin 

While WR is “L”, 
memory. 

ALE pin 

The ALE pin outputs the ALE signal to latch the low 
order address bits. The ALE signal is always generated 
once during a every machine cycle. 

The 8 low order bits of the address bus start output 
when ALE signal changes from low to high. A transpa- 
rent latch is used to allow an address set-up time. The 
address is latched when the ALE signal changes from | 
high to low. | 

SYNC pin 

The SYNC signal controls single step operation of the 
M50734SP. It is synchronized with the ¢ signal and is 
output when an op code is fetched. 


Vrer pin 
Vrer serves as ieranes voltage for the A- D converter. 


the M50734SP can write to external 
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DS P< Port PO function register (Address O0F54¢) 


P02/CNTR pin selection bit 


CNTR 


P03/BUSYour pin selection bit 


oO 
() 


USYourt . 


PO./STBour pin selection bit 


Lalo 


STBout 


P0;/DME pin selection bit 


1] DME 


PO.</TxD pin selection bit. 


ae 
bro 





Fig.23 Structure of Port PO function register 


t 


Port P2 port P3 function register (Address 00ED,.) 


‘P39/PWMour pin selection bit 
[ofr 
PUP PWMour 


P3,/Scik pin selection bit 


Timer S count source selection bit 
LO] #(Xin)/64 (with 1/4 divider) 


{(Xiw)/16 (without 1/4 divider) 


pifes|_P2o~P2, | P2~P2_| 
ojo} PA P2y 

C0 ae 
ffop pat 





Fig.24 Structure of Port P2 and P3 function register 
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Port PO, /INT» 
OPort PO/INT;. RES @ 










RES 
DBo DB, 
INT, 
RP0O3D 
Po eee 
WP0O.D 
_ sasdeesiites: i hide 
RES fe) 2/CNTR RES BUSYoyr 
POFR-Bit3 
CNTRour DBs tem 
RPOFR WPOFR: Gaile 
Ci 
WPOFR RPOFR 
DB> 
CNTR 
RES 
TIMS 
By 
WPOFR 





O Port P05/TD 


RES Port P07/R,D 


Fig.25 Block diagram-1 of input/output pins 
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RES 


DB 









DB 






Port P39/PWMour 


RES v 


Port P3,/Scik 
RES O 


PWM 


Scik 
RP2P3FR 


RP2P3FR 


WP2P3FR 
DBo 


O Port P32/Sio 


RES O Ports P83, 


P3,, P3s, 
Sout P3,, P3, 
RP2P3FR 
DB, 
WP2P3FR 


DB 
DB» 


| | 7 RP3 
Sin <= | 


Fig.26 Block diagram-2 of input/output pins 
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ANo~AN3 


¢, ALE, WR, RD, SYNC, Ag~ Ais 


Timer W 
Terminal count 
Pulse 


Reset 











ABo~AB;7 
A7/D7~Ao/Do 


DBy>~DB, 


Fig.27 Block diagram-3 of input/output pins 
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CLOCK GENERATING CIRCUIT 
The built-in clock generating ciruit is shown in Figure 28. 
When a STP instruction is executed, the oscillation stops at 
the “H” state of the internal clock ¢. Moreover, timer X is 
set to 0200;,, and the oscillation output divided by 16 is 
connected to timer X. This connection is cleared when tim- 


er X overflows, or by resetting as discussed in the timer | 


section. 

The oscillation restarts after an interrupt is accepted, but 
the internal clock ¢ remains at “H” until timer X overflows. 
This is necessary because the oscillation needs a set-up 
period if a ceramic or a crystal oscillator is used. When the 
WIT instruction is executed, the internal clock ¢ stops at 
“H” but the oscillator will not stop. This wait state is 
cleared after an interrupt is accepted. Since the oscillation 


\ 


Interrupt request 


Interrupt disable flag | 


Reset 


STP instruction 


Prescaler 2 
Prescaler 3 





does not stopp, the following instruction will be executed 
immediately and not after a fixed time as for the STP in- 
struction. The corresponding interrupt enable bit must be 
set to “1” before the STP or WIT instruction is executed. 
When the STP state is cleared, timer X counts the oscilla- 
tion frequency divided by 16. Therefore, timer X count stop 
bit (bit 2 of address OOFD,,) must be set to “O” before the 
STP instruction is executed. _ 

An example of ceramic oscillation (or quartz crystal 
oscillation) is shown in Figure 29. The value of the capaci- 
tance differs depending on the oscillator. Therefore, adjust 
the value as recommended by the each oscillator manufac- 
tures. An example where the clock signal is supplied from 
outside is shown in Figure 30. Xiy is the clock input, and 
Xourt is open, 


STP 
instruction 


Internal clock bus 


Overflow 
Timer X 
| 


Timer 1 


Timer 2 


Timer 3 — 


Fig.28 Block diagram of the oscillation and clock generating circuit 
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Fig.29 External ceramic resonator circuit 
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31 
Open 


Vec 
External 
oscillation circuit 
Vss 





Fig.30 External clock input circuit 
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STANDBY MODE > 


The M50734SP can stop oscillation, preserving the contents 


of all registers, input/output ports and so on except timer X. 
Therefore, it can begin operation again in the same state as 
before it stopped; power dissipation is greatly reduced. 
The STP instruction is used to stop the oscillation. When 
the STP instruction is executed, it stops at the address 
fetch state of the next instruction. After RESET or an INT;, 
INT. or CNTR interrupt is accepted, the oscillation starts 


again. Therefore, before the STP instruction is executed, | 


Interrupt request 
Interrupt disable flag Reset 


STP instruction 


1/2 


TXG 


Ceramic 
oscillator 


External circuit 


| Fig.31 Block diagram of standby mode > 





one of the above interrupts must be enabled and the TXG 
(interrupt control register 3 (ICON 3), pin 2) must be 


. cleared. 


After the oscillation has been restarted by any means other 
than RESET, the internal clock will start after timer X has 
counted 8208 cycles. When a ceramic oscillator is used, 
this time is needed to avoid instability at-the oscillation rise. 
The block diagram of the standby mode is shown in Figure 
31. 


s Ct Reset 


Rf-—STP instruction 


ae e Internal clock bus 


- 020016 


When the STP instruction is executed, 


this initial value is set 
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PROGRAMMING NOTES 


(1) 


(2) 


The frequency ratio of the timer and the prescaler is 
1/(n+1): 

Even though the BBC and BBS instructions are ex- 
ecuted after the interrupt request bits are modified (by 
the program), those instructions are only valid for the 
contents before the modification. Also, at least one in- 
struction cycle must be used (such as a NOP) between 
the modification of the interrupt request bits and the 
execution of the BBC and BBS instructions. | 

When the timer X is used at event counter mode, the 
contents of the timer X must be read after the TXG flag 
is cut off. If the TXG flag is not cut off, the plural read- 
ing data of the contents of the timer X must be com- 
pared and used as real data of the timer X. 

When the timer X at the other modes, other timers and 
prescalers are used, the contents of data can be read 
at optional time. 

After the ADC and SBC instructions are executed (in 
decimal mode), one instruction cycle (such as a NOP) 


is needed before the SEC, CLC, SED, or CLD instruc- 


tions are executed. 

A NOP instruction must be used after the execution of 
a PLP instruction. - 

Notes on the stepper motor control circuit 

The single-shot must not be used while the horizontal 
or vertical counter and the phase counter are linked 
with timers, because they can not rewrite data. 

When the stepper motor control register is set and re- 
set, the bit set and bit reset instructions must be used. 
The area of addresses 00D016 ~ 00D9,, can not be 
used, because those area are reserved for system ex- 
pansion. 

When the port PO function register is set and reset, 
CLB, SEB, and STA instructions must be used. 
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ABSOLUTE MAXIMUM RATINGS 












With respect to Vss. 









; Input voltage, POo~ P07, Plp~P17, P29 ~P27, P39~ P37 ; : 
Vv —0.3~Vec+0. 3 


—0.3~Vec+0. 3. 


Output transistors are at “off” state. 
Onput voltage, POp~P07, Plo~P17, P29~P27, P3p~P37 


ADo~AD7, As~Ats, RD, WR, ¢ 
SYNC, ALE, WDour, Xout 


Operating temperature 






Vcc 
Vo 














Topr 


RECOMMENDED OPERATING CONDITIONS 


(Voc = 5V+10%, Vss = OV, Ta = —10~70°, fix) = 8MHz, unless otherwise noted) 


Unit 








Storage temperature — 


t 


Supply voltage 
Supply voltage 
V 
V 


















= 
oO 
oO 
on 
- 





; 


“H” input voltage, POo~P0, (During using as a port) 
Pip~P1 7s P29>~P2,, P39~P37 
P49~P43, ADyp~AD7 


Vin 


© 
ro) 









< 

a) 

ro) 
Hi 

2 

w 
a 








cc 
s 

“H" input voltage, RxD, CNTR, INT;, INTz, RESET 

Xin 
“L” input voltage, POg~P0; (During using as a port) 
Vie Plo~P17, P29~P27, P39~P37 =(0.:3 

P49~P43, ADo~AD; | 

“L” input voltage, RxD, CNTR INTy, INT2 

| Via _| Analog input voltage, P49~P4, o= (53 


“L” peak output current, POg~P07, P19~P17, P29~P27 
P39~P37, ADo~ADz, As~Aits 
- RD, WR, ¢, SYNC, ALE, WDout 
“L’” average output current (Note1), PQo~P07, P19p~P17 
P29~P27, P39>~P37 

ADo~AD7, Ag~Ai5 

RD, WR, ¢, SYNC 
ALE, WDout 


| “H” peak output current, P0p~P07, ADp~AD7, As~Ais 
on(peak)1 RD, WR, ¢, SYNC, ALE, WDour 


“H” peak output current, P0>~P07, P2y~P27, P3y~P3r 


“H” average output current, (Note1) P0g~P07, ADp~AD7 
loH(avg)1 


Ag~As, RD, WR, ¢ 
' “H” average output current, (Note1) P1p~P17, P29~P2z 10 ne 
| OH(avg)2 P3,>~P3, | | 


SYNC, ALE, WDourt 
“Note 1: lowavg), loncavg) is the average current in 100ms. eae 
2: The total of lo. (peak); of PO, ~ P07, ADo ~ ADyz, Ag~ Ais, RD, WR, ¢%, SYNC, ALE and WDour 
should be 80mA max 
The total of lou(peak), Of Plo~P17, P2o>~P27 and P3o~P37 should be 80mA max 
The total of lon(peak), Of PQ9~ P07, ADp~ AD; and Ag~Ajs, RD, WR, ¢, SYNC, ALE and WDour 
should be —60mA max 
The total of lon(peak), Of Plo~P17, P29~P27 and P3p~P37 should be —80mA max 


lo-cperk) 
















loi(avg) 
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ELECTRICAL CHARACTERISTICS (vec = 5v+10%, Vss = OV, Ta =—10~70C, fcx,,) = 8MHz, unless otherwise noted) 


1 Limits 










ete lon = — 2001 ee oe eee 
OH “H” output voltage all output pin except Xour pin 
low —10WkSS™S~SC*~N wT 
“H” output voltage all output pin except Xour pin lo. = 1.6mMA ff 
Three state leak current, all input/output pin Vsg + 0.5V S Vo S Voc — 0.5V | —5 | | 5 | wa | 
lec Roa! 


V 
V ; 
; ; 
Hysteresis width, INT;, INT2, CNTR, RxD, RESET When used as function except port ba a 


“H” output current, P29~P2;7 Von = 1.5V —] 
; During operating Output ancien eator | | 
Stop mee (Ouput transistors cutof) | 
During executing A/D convert 














TIMING REQUIREMENTS (Vcc = 5V+10%, Ta =—10~70T, unless otherwise noted) 


Data input set-up time . 
Port PO input set-up time 250 
Port P1 input set-up time .} 250 






250 
tials 250 
tsy (p4-¢) Port P4 input set-up time 250 

0 [ns | 

ee = ee ee 
th (¢-Po) Port PO input hold time | 50 | | | nsf 

Pee ee se 

oe ae ee ee 

ae a 

: co [| [ns] 

Serial input hold time: . 50 PL] ns 

CNTR input “L” pulse width ] 

INT> input “H” pulse width 1 

rn ee a a 

External clock input “L” pulse width | 45 [| | | ons | 

External clock input “H” pulse width 

RESET input “L” pulse width 































The pin to be 
measured 


C, : In case of Ag/Do~A7/D7, As~ Ars, POo~PO7, RD and WR, is 100pF 
In case of Plo~P17, P29~P27, P39~P3;, ALE and ¢, is 50pF 





Fig.32 Measurement circuit diagram: 
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SWITCHING CHARACTERISTICS (Vec = 5V£10%, Ta = —10~70°C, unless otherwise noted) 


- Symbol - Parameter | Test conditions 


Cycle time (Note 6) 









é clock pulse width (High level) (Note 2) 
¢ clock pulse width (Low level) (Note 2) 
¢ clock rising edge time 


¢ clock falling edge time — 
Address strobe pulse delay time (Note 4) 
Address strobe pulse width (Note 3): 
Address-ALE delay time 
Address effective time after ALE 
Address delay time 1 
Address delay time 2 (Note 1) 

) 


RD, WR pulse width (Note 2) 

RD, WR delay time ) 

RD, WR effective time after ¢ 

address floating-RD delay time 
Data delay time (write cycle) 


* ty (ep Data effective time after ¢ (Note 5) 
td (¢-Po): Port PO data output delay time 


Address effective time after ¢ , 
D) 







td (¢-P1) Port P1 data output delay time 


Port P2 data output delay time . 





x This timing is changed by tc(Xinq), The timing of this list is the value in to(Xiy) = 125ns 
Note 1 : This value is defined as follows : tq7(¢—A)=to(¢)/8-+8. 75 | 
2: This value is defined as follows : tw(RD)=t,(¢)/2—30 
: This value is defined as follows ! tw(ALE)=te(¢)/4—25 
This value is defined as follows : tq(¢—ALE)=te(¢)/8—2. 5 
This value is defined as follows : ty(¢—D)=te(¢)/8—22.5 
This value is defined as follows : tc( ¢)=4to(Xiw) 


moh W 


A-D CONVERTER CHARACTERISTICS (Voo=5V+10%, Vss=OV, Ta=—10~70°C, foxy) =8MHz, unless otherwise noded) 


> Limits 
Parameter Test conditions | timits 
‘Typ. | Max. _| 
Absolute accuracy Voc=Vrer=). 12V 








Symbol 









a 
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TIMING DIAGRAM 


Bus timing diagram 


ALE 


Ais~As 
CME 





RD or WR 


ADo~AD,7 
CPU Read 


ADo~AD, 
CPU Write 
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8-BIT CMOS MICROCOMPUTER 


tc 


2.0V 


0.8V 





tp) 









tq(¢—ALE] tw(ALE] 


tr(ALE] ts(ALE) 


tdi (¢—A] , i eo Ty(¢—A]) 


a 
/ 2.0V | : 
0.8V Address valid ; 


N 
4 
' 








ty(¢—RD) 


ty(¢—D) 


Data valid iD 
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Port P1 latch input timing diagram | 


_twi(CNTR) twu(CNTR) 
twi(INT2) twi( INT2) 





CNTR 
INT2 
twy(INT1) tw (INT1) 
| 0.8Vcc 
: 0.2V 
INT1 cc 


th(INT1—P1) 
tsu(P1 —INT1) 


; 2.4V 
Data valid 
Plo~P17 | ‘Gace 


ine 


tq(INT1—BSY) 


BUSYour 


Xin, RESET input timing diagram 
tw( RESET) 





RESE 


to(Xin) 


0.16Vcc 


Xin . 
twH (Xin) 
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Port PO~P4 input/output, serial 1/O timing diagram 


PO~P4 
INPUT 


PO~P3 
OUTPUT 


Scik 


Sin 


Sour 





2.0V 
0.8V 
th( ¢—PO) 
el] 
ty(¢—P0) 


th ( Scrix— Sin) 
ty(Scix— Sour) 





Data valid 


h 


“aay Data valid | 8 y 
0.8V ata Vall : 
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DESCRIPTION , 

The M50734SP-10 is a microcomputer designed with 
CMOS sillicon gate technology. It is housed in a 64-pin 
shrink plastic molded DIP. This microcomputer is useful for 


PIN CONFIGURATION (TOP VIEW) 


P0,/STBour + [1 


! | ie 1/0 P0;/DME + ++ P03/BUSY out 
business equipment and other consumer applications. ak - P0¢/Txb ++ [3] 3] ++ PO,/CNTR 1/0 
In addition to its simple instruction sets, the ROM, RAM, - 7 PO,/RxD + | + PO,/INTs pel 
and |/O addresses are placed on the same memory map to | Pig {60] > PO/INT, 

enable easy programming. : P1,+ +* WDour Watchdog 
The differences between the M50734SP-10 and the i P12 + ++ Ao/Do| overflow 


>| output 
M50734SP are noted below. — I/O port P1 Pls 7 + A,/D,{ OUNPU 


; Pilg? . + A,/D> 
meat Oy trees 


+ A;/Ds 
In this section, the following explanations apply to the dif- a Whe: 
ferences between the M50734SP and the M50734SP-10. tee ere 
Other functions are explaned the M50734SP/FP’s section in 











Address latch 
P22/H¢ + “> ALE enable signal 





= 
P23/Hg > S —A output 
detail. | | ; I/O port P2 ne s ‘ 
| : , : | P25/Vp + U 

DISTINCTIVE FEATURES | P26/Vo + o ae 
@ Number of basic instructions::::ss ster 69 P27/Vq + | 
@ Memory size (internal memories are not provided) P3o/PWMour +> 

Memory area programmable memory *°:"""*: 64k bytes - P31/Soik 

data Memory srr ane 64k bytes ~eS Synchronous | 
@ Instruction execution time i Sere ae 
es 0.8us (minimum instructions, at 10MHz ‘squsney) 7 — Write signal 
 @ Single power supply street tte etteeee 5BV4E10% | soe Reed sicrel 

®@ Power dissipation normal operation mode eee 

(at 1OMHz frequency) Sidingi sua weiug candnenanenes eee 35mW | | : 
@ Subroutine nesting 128 levels (Max.) Clock input — P42/AN> 
@ Interrupts cree ree eee 11 types, 5 vectors Clock output — . Ba] — P4,/AN, {input port Pa 
@ Timers 7 *~ P4o/ANo 

16-bit fiiersevent counter (general purpose) -":""": od | | fas | 

8-bit timer (general purpose) rere 3 . Outline 64P4B 

8-bit timer (watchdog timer) PiRGav an Ree Tat weg eh eee eRe ees | 

8-bit timer (strobe timer) cre ener eeeus Seqaiedadetes { 

8-bit timer (baud rate timer) scree | 

8-bit counter (control for stepper motor) ‘rrr 2 


@ Stepper motor control circuit 
Sea eiSrs eter esiiecbralee revere %ecs Sala “ece wiareisvece 1 channel for the X or Y direction 


@ Programmable I/O ports (Ports PO, P1, P2, P3)--:-:- 32 
@ Input ports (Port PA) srrereeeees jRyhiels aelei placate eieceiete eiviars Sos areiesererete-asetalain “4 
@ Serial I/O | 

8- bit clock synchronous Trrrrrerrerrrrrrrer rrr rr ae rie rr ee err 1 

B-bit UART -ccceececceeccecec etree ee en ee eees ed ueyalal bei Sener saves | 

Baud rate (at 9.83MHz fSausnCy: -75bps~76800bps 
@ A-D converter:::::::*::*°::: 8-bit successive approximation 
@® PWM function::::::: reneeeeeeeecseenneecereaneeceesansesennes Sreeieas { 
® Multiplex-type bus | 

Address bus--'--""* Siducucwage ae aaneceatens ane tas ue wiaes 16 

Data bus (multiplexed with lower address bus)-::::::: 8 
APPLICATION 


Printer/plotter, Electronic typewriter, PPC, FAX, Portable 
word processor, Robotics 
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M50734SP-10 BLOCK DIAGRAM 


Kiw Xoue ¢ WR_ RD SYNC ALE RESET Vgc (5V) Vsg (OV) = WDour 


ann ak ac ek. meee 


Clock | 
_}| generating 
Z 


circuit 
Prescaler 3 Timer 1 ¥ 
1 pre 1 (8) 1 (8) 





















Processor Program ! Program Piescaler 
status register counter counter pointer S (8) 2 pre 2(8 
PS (8) PC,, (8) | PC, (8) : 2 ave 


Control 
signal 










(2) 

(e) 

32> 

<+1f| ) Index 

$ 1e) mA register 
® Y (8) 








(8) 


SI/O 


2 | a ie 
my | [ne co 
panne 


| 4 Lae SEEEEe 

LT TT TUN) TSCA tose TEES 

- QED — - —GNEIEIENEHEOGNGD— -. ——-CIADLIILIEIIZD— - —LUINIDEWUM- - —BUWUWOGODOH)— - SOULE 
Address bus Address/data bus 1/O port P3 1/O port P2 I/O port P1 1/O port PO 
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FUNCTIONS sl M50734SP- 10 


ee 
Input/Output ports 
i tinea ig ad 
Timer 
Timer W 


Subroutine nesting © 128 levels (max.) 
Three external interrupts, four timer enacts 
Interrupts 
Two counter eee one UART interrupt 
Built-in 
Clock generating circuit 
(externally connected to a ceramic resonator or a quartz crystal resonator) 


smi | 
Ce 









































Power dissipation 
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PIN DESCRIPTION 


Input/ , : 
Voc, Vss | Supply voltage ts 
Vrer Reference voltage input! Inout _| This is the reference voltage input pin for the A-D converter. 


— 


Xin Clock input input | These are I/O pins of internal clock generating circuit for main clock. To control generating frequency, an 
3 external ceramic or a quartz crystal oscillator is connected between the Xj and Xour pins. If an external 
Xout Clock output Output clock is used, the clock source should be connected the Xj pin.the Xour pin should be left open. 
Timing output Output 


Output | Synchronous signal is outputed when the op code is feched, and is used. to control the program's single- 
step operation. 


Read signal output output Control signal for read access to ROM, RAM and peripherals. . 
WR Write signal output Output Control signal for write access to RAM and peripherals. 


L Address latch Output Address latch signal for address Ao™ Ay. an . 
enable signal output 


1s7~Ag Address bus Output The contents of the high-order 8 bits of the address bus are output (CMOS output). 


A7/D7~ Address/Data bus The contents of the lower-order 8 bits of the address bus and 8 bits of the data bus are multiplexed and 


Power supply inputs 5V+10% to Vcc, and OV to Vsg 


To enter the reset state, the reset input pin must be kept at a “L" for more than 2us (under normal Voc 
conditions). lf more time is needed for the crystal oscillator to stabilize, this “L” condition should be main- 
tained for the required time. 








This is the timing output pin. Clock oscillating frequency (Xin) divided by 4 signal is outputed. 





SYNG Synchronous signal 


output 












Ao/Ao 


output/input (CMOS output). 


= > > 
5 m 
Cc 
+ 





Watchdog timer Output When the watchdog timer overflows, this pin is set to “H”. Cleared only at reset. 
overflow output . 
1/0 


software. 





POo~ P07 1/O port PO ha Port PO is an 8-bit I/O port with CMOS tri-state output. Each port has double function, and can switch by 












INT,(P0)) | Interrupt input 
INT,(PO,) | Interrupt input 
CNTR(PO,) | Timer 1/0 

BUSYoyr(P03)| Busy signal output 
STBoyr(P0,)} Strobe pulse output 
‘DME(PO;) | Data memory enable output 
TxD(P0,) | Transmission output 
RxD(P0O7) .| Receive input 


P1p~ P17 | 1/0 port P1 1/0 
P2,) ~ P2, | I/O port P2 1/0 
P39 ~ P37 | I/O port P3 1/0 


P49/ANo~ 
P43/AN3 


This is an interrupt input pin. 
This is an interrupt input pin. 
This is an output pin for the timer X. 

When the falling edge is inputed to INT; pin, this port is set by hardware. 

This pin is used for the strobe input to the external driver IC. \ 
This pin is used for external memory expansion. 

This is an output pin for UART. 

This is an input pin for UART. 



























Port P1 is an 8-bit 1/O port with CMOS tri-state output. It is also used as “latch input” to read data when a 
low level signal is inputed to INT, pin. 










Port P2 is an 8-bit I/O port with CMOS tri-state output. By software selection, it can also be used as an out- 
put port for the decoder logic of a stepper motor control circuit. 





Port P3 is an 8-bit !/O port with CMOS tr 
software. 





i-state output. The function of the P397~ P32 can be selected by 


! 


This pin is used as an I/O pin for serial 1/O. 


Input port P4/— Input Port P4 is a 4-bit input port, and is used as a 4-bit analog input port for A-D converter. 
Analog input 
port AN 
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PROGRAMMING NOTES | | (4) After the ADC and SBC instructions are executed (in 


(1) The frequency ratio of the timer and the prescaler is decimal mode), one instruction cycle (such as a NOP) 
WV/(n+1). | is needed before the SEC, CLC, SED, or CLD instruc-. 

(2) Even though the BBC and BBS instructions are ex- tions are executed. ye 

| ecuted after the interrupt request bits are modified (by (5) A NOP instruction must be used after the execution of 
the program), those instructions are only valid for the a PLP instruction. 
contents before the modification. Also, at least one in- (6) Notes on the stepper motor control circuit 
struction cycle must be used (such as a NOP) between ©) The shingle-shot must not be used while the horizontal 
the modification of the interrupt request bits and the or vertical counter and the phase counter are linked 
execution of the BBC and BBS instructions. with timers, because they can not rewrite data. 

(3) When the timer X is used at event counter mode, the @ When the stepper motor control register is set and re- 
contents of the timer X must be read after the TXG flag set, the bit set and bit reset instructions must be used. 
is cut off. If the TXG flag is not cut off, the plural read- (7) The area of addresses 00D0;6 ~ 00D9,¢ can not be 
ing data of the contents of the timer X must be com- used, because those area are reserved for system ex- 
‘pared and used as real data of the timer X. pansion. : 
When the timer X at the other modes, other timers and (8) When the port PO function register is set and reset, 
prescalers are used, the contents of data can be read CLB, SEB, and STA instructions must be used. 


at optional time. 


ABSOLUTE MAXIMUM RATINGS | 
Symbol Parameter 


Supply voltage 
Input voltage, RESET, Xin 
Input voltage, POg~P07, Plo~P17, P29~P27, P39~ P37 
P49~P43, ADo~AD7, Veer 
Onput voltage, POp~P07, P19~P17, P20~P27, P389~P37 










ADo~AD;, Ag~Ats, RD, WR, ¢ | V 
SYNC, ALE, WDourt, Xourt 


Tanase i000 
Topr | Operating temperature ee 
Tsig | Seragsterpswts do 











Vcc 




























Vrer With respect to Vss. 









Output transistors are at “off” state. 









—0. 3~Voct0. 3 


1) 
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RECOMMENDED OPERATING CONDITIONS 


(Voc = 5V110%, Ves = OV, Ta = —10~70, f(x,,) = 10MHz, unless otherwise noted) 


a 
Symbol Parameter | Min. | Nom. | Max. Unit 


Mee sump oe 


je “H” input voltage, POp~P0; (During using as a port) 














Pio~P1z, P29~P27, P39~ P37 
P4y~ P43, ADy~AD7 


com “H" input voltage, RxD, CNTR, INTy, INTs, RESET .8Vec]  Nect0.3 ov | 
XIN ‘ 

“L” input voltage, POg~P07 (During using as a port) 

P1p~P17, P2o~P27, P3p~P3; 

P49~P43, ADo~AD7 | 

Mis > i] 
pV 
fossa = eel 








“L” input voltage, RxD, CNTR INTj, INT» 1-03 | — |0.2Vcce] vs 
“L” input voltage, RESET 7 }=0.3 | [0.12Vcc] Vv 








Vin 

Vin 

Vin 

Vit 

Vin 

Vie “L” input voltage, Xin [—0.3| | 0.16Voc 
-Analog input voltage, P49~P43. U3 

“L” peak output current, POp~P07, Plo~P17, P29~P27 
. P3p~P37, ADo~AD7, Ag~Ais 
RD, WR, ¢, SYNC, ALE, WDour 


“L” average output current (Note1), POo~P07, P1gp~P17 
_ P29~P 27, PSp~P3y 
lo-(avg) ADo~AD7, As~At5 
RD, WR, ¢, SYNC 
ALE, WDout 


| “H" peak output current, POg~P07, ADo~AD7, Ag~Ai5 —=5 mA 
ontpeaks RD, WR, ¢, SYNC, ALE, WDout 


“H” average output current, (Note1) POg~P07, ADo~AD7 
lon(avg)1 As~Ats, RD, WR, ¢ 
SYNC, ALE, WDour 


: “H” average output current, (Note1) P19~P17, P29~P27 10 , 
_ m 
OH(avg)2 P3,~P3; 


Note 1: lo.cavg) loncavg) is the average current in 100ms. ae ee 
2: The total of lov(peak), Of P0o~ P07, ADo~AD7, Ag~ Ais, RD, WR, ¢, SYNC, ALE and WDourt 
should be 80mA max 
The total of lo-(peak), Of Pl1g~P17, P29~P27 and P39~P37 should be 80mA max 
The total of lon(peak), Of POo~ P07, ADp~AD7 and Ag~Ajs, RD, WR, ¢, SYNC, ALE and WDour 
should be —60mA max - 
The total of lon(peak), Of Plo~P17, P2o>~P27 and P39~P3; should be —80mA max 












lou(perk) 















ELECTRICAL CHARACTERISTICS Vee= 5V+10%, Vss = OV, Tg =—10~70T, fcx,,.) = 10MHz, unless otherwise noted) 


: lon = —200uA . : 
Vou “H” output voltage all output pin except Xour pin 
: Flow Wea NM 
| 


“H” output voltage all output pin except Xour pin lo. = 1.6mA 
aie = Three state leak current, all input/output p Vss + 0.5V S Vo S Vec — 0.5V 


in 
Hysteresis width, INT;, INT2, CNTR, RxD, RESET When used as function except port 


eae 
a 


During operating (Output transistors cut-off) 
loc Supply current | Wait mode (Output transistors cut-off) 
; ; Stop mode (Output transistors cut-off) . 


A-D supply current During executing A-D conversion 
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TIMING REQUIREMENTS (vec = 5vV+10%, Tg =—10~70°, unless otherwise noted) 


tsy (p4-¢). Port P4 input set-up time 


Port P1 latch input set-up time 


tsu (siv-Scx) | Serial input set-up time 


Data input hold time 
th (¢-Po) Port PO input hold time 



































Port P4 input hold time | 

Serial input hold time 

INT; input “L” pulse width 
INT2 input “L” pulse width 

CNTR input “L” pulse width 

INT; input “H” pulse width. 

INT>2 input “H” pulse width 

External clock input cycle time 

External clock input “L” pulse width 


External clock input “H” pulse width 
tw ¢ RESET input “L” pulse width 





: NO 
O1 | O1] G1] C1] OM 
—~(— [| O1(O;/O!;}O|(oO 


AlN |H IH 1A 6p) 















RESET) 





The pinto be 
measured 


C, : In case of Ag/Dp~A7/D7, Ag~Ais, P0g~P07, RD and WR, is 100pF 
In case of Pip~P17, P295~P27, P89~P37, ALE and ¢, is 50pF 





Fig.1 Measurement circuit diagram 
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SWITCHING CHARACTERISTICS (Veco = 5V£10%, Ta = —10~70°C, unless otherwise noted) : 


Limits 
Parameter Test conditions bimits - Unit 


ak a ¢ clock pulse width (High level) (Note 2 
i ( 









Symbol 








) 
) 
) 


170 


WwW 
oO 
3 j;3 
an;n 


47.5 


3 
na 





3 
” 


Ww 
oO 
=) 
a 









120 
140 


ns 


=) 
n 


ns 


( 

ty (¢-a) Address effective time after ¢ 

tr CAG) RD, WR pulse width (Note 2) 
) 


170 


3 
n 


NO 
(o>) 
3 
i¢7) 


“[aaaress toating-RO delay timo —~—SCSCSCS~S~S~S 


tv (soix-Soyr) | Serial output effective time after serial clock 


td(int,-Bsy) | Busy output delay time 


* This timing is changed by tc(Xiy), The timing of this list is the value in tc(Xin) = 100ns 

Note 1 : This value is defined as follows : tdacg—a)=te(¢)/8+77. 5 (te(¢) = 500ns) 
tdo(g—a)=140ns (400nsS te (¢)< 500ns) 

This value is defined as follows : tyw(RD)=t.(¢)/2—30 - 

This value is defined as follows : ty(ALE)=t.(¢)/4—25 

This value is defined as follows : tq( ¢—ALE)=t.(¢)/8—2.5 

This value is defined as follows : ty(¢—D)=te( ¢)/8—22. 5 

This value is defined as follows : tce(¢)=4tg( Xin) 


—_ 
(jo) 
3 
n 


tele Cacad Address delay time 2 (Note 1) 
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n 
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A-D CONVERTER | CHARACTERISTICS (Voc=5V410%, Vgs=0V, Ta=—10~70T, fix,y)=10MHz, unless otherwise noded) 
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TIMING DIAGRAM 


Bus timing diagram 


tc 


tw (4) tw (9) 


2.0V | 
_ | 
Fr i 


Ais~Ag ’ : 2.0V : | es ; 
OMe | 0.8V ress valid ’ 


0.8V 






tq(¢—ALE) 


ALE 





tqi(¢—A) 





ty(¢—RD) 





tq(¢—RD) 
RD or WR 
th(¢—D] 

AD )~ AD, 

CPU Read 

_ ADo~AD; 
CPU Write 
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Port P1 latch input timing diagram 


twi(CNTR) twu(CNTR) 
twi(INT2) two (INT2) 





CNTR 
INT2 
twu(INT1) | | two (INT1) 
INT1 0.2Vec 
teu(P1—INTT) ee 
tq(INT1—BSY) 
2.0V 
BUSYour 


Xin, RESET input timing diagram 


tw( RESET) 





RESET 


te(Xin) 


| 0.16Vcc 
Xin 


twul Xin) two(Xin) 
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Port PO~P4 input/output, serial I/O timing diagram 






d ( 
PO~P4 
INPUT 
PO~P3 
OUTPUT - 
ty(¢—-Serk) 
- Scik 





th(Scix—Sin) 


Sin 2.4V 
_ 4 Data valid N 
0.4V 
| ty( Souk Sour) 
S OV 
ms a | 4 a Data valid nog ) 
| | / 0.8V 
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ADDRESSING MODES 

The series MELPS 740 has 17 addressing modes and an 
extremely powerful memory access capability. 

When extracting data required for arithmetic and logic op- 
erations from the memory or when storing the results of 
such operations in a memory using the appropriate instruc- 
tions for this purpose, the memory address must be speci- 
fied. Even when jumping to an address during a program, 
that particular address must be specified. The specification 
of the memory address is called addressing. The data re- 
quired for addressing and the registers involved are now 
described. The series MELPS 740 instructions can be clas- 
sified into three kinds, as shown in Figure 1, by the byte 
number in the program memory required for configuring the 
instruction: 1-byte, 2-byte and 3-byte instructions. In each 
case, the first byte is known as the “operation code” which 
forms the basis of the instruction. The second or third byte 
is called the “operand” which affects the addressing. The 
contents of index registers X and Y also effect the addres- 
sing. 

However many the addressing modes, there is no differ- 
ence in the sense that a particular memory is specified. 
What differs is whether the operand or the index register 


2-byte instruction 


1-byte instruction 


Operand | 





Fig.1. Instruction byte configuration 


3-byte instruction 





contents or a combination of both should be used to specify 
the memory or jump destination. Based on these 3 methods, 
the range of variation is increased and the series 740 op- 
eration is enhanced by combinations of the bit operation in- 
structions, jump instruction and arithmetic instructions. The 
accumulator or register is specified with a 1-byte instruction 
and so there is no operand byte, which is the part specify- 
ing the memory. 

Actual addressing modes are now described by type. 


Index registers 


Operand I 
Operand II 
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Name - Immediate addressing mode 
Function - : Operand follow immediate after 
| | opcode. 
Instructions : ADC, AND, CMP, CPX, CPY, | | : Memory 
EOR, LDA, LDX, LDY, ORA, 
, SBC A | 
Example *°<Mnemonic | Machine code 


Opcode (694.) 
- Operand (A5;,) 


ADC #$A5 694, Adie 









* This symbol designates the im- 
mediate addressing mode. 


A-A+C+ - 





Name : Accumulator addressing mode 









Function - Operation is performed on ac- 
cumulator. | 

Instructions : ASL, DEC, INC, LSR, ROL, 
ROR 

Example - Mnemonic Machine code POPP 
ROL A Ate Carry flag’ Accumulator 
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Name 
Function 


Instructions : 


Example 


Name 
Function 


Instructions : 


Example 


: Mnemonic 


SERIES MELPS 740 


: Zero page addressing mode 
: Operation is performed on the 


zero page memory (00;.~FF46) 
ADC, AND, ASL, BIT, CMP, 
COM, CPX, CPY, DEC, EOR, 
INC, LDA, LDM, LDX, LDY, 
LSR, ORA, ROL, ROR, RFF, 
SBC, STA, STX, STY, TST 

Machine code 


ADC $02 6516 0216 


: Zero page X addressing mode 
: Operation is performed on the 


memory which address is spe- 
cified by adding the operand 
and contents of index register 
X. 

ADC, AND, ASL, CMP, DEC, 
EOR, INC, LDA, LDY, LSR, 
ORA, ROL, ROR, SBC, STA, 


 STY- . 
- Mnemonic Machine code 
ADC $1E,X 
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Memory 










Zero page © 





Zero page 
specification 






‘ 
+ 
t 


Operand (02,,) 


_—- 


Opcode (654.) 
i 










Memory 
Zero page 
lost a FFi¢ 





Zero page X 
specification 


Contents of 
index register X 






| Opcode (754,) 
Operand (1E;¢) 


1 
Ly 





Ignored 
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Name : Zero page Y addressing mode 
Function - Operation is performed on the 
memory which address is spe- 
cified by adding the operand 












and contents of index register 0046 
| Y. | 
Instructions : LDX, STX E8,. Zero 
‘Example ‘Mnemonic = Machine code | paar 
LDX $02,Y B6i, 024, a | | 
Zero page Y 





specification 


Contents of 
index register Y 






Opcode (B64_) 
Operand (02;.) 






Name -: - Absolute addressing mode 

Function Operation is performed on the 
memory which address is spe- 
cified by first and second 
operand. | 

Instructions : ADC, AND, ASL, BIT, CMP, 

_ CPX, CPY, DEC, EOR, INC, 

JMP, JSR, LDA, LDX, LDY, 
LSR, ORA, ROL, ROR, SBC, 
STA, STX, STY | 

‘Example  *: Mnemonic Machine code 
ADC $AD12 6D,,_ 12;, ADi, 






Absolute 
specification 
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Name 
Function 


Instructions : 


Example 


Name 
Function 


Instructions : 


Example 


: Mnemonic Machine code 
ADC $AD12,X 7Di, 121, AD;, 


: Mnemonic Machine code 


: Absolute X addressing mode 
: Operation is performed on the: 


memory which address is spe- 
cified by adding the contents of 
index register X and value indi- 
cated first and second operand. 
ADC, AND, ASL, CMP, DEC, 
EOR, INC, LDA, LDY, LSR, 
ORA, ROL, ROR, SBC, STA 


Memory 


(7D46) 


Opcode (7D. 
OperandI (124.) 
OperandII (ADjg.) 





Contents of 
index register Xx 










Absolute X 
. specification 


Memory 


: Absolute Y addressing mode 
: Operation is performed on the 


memory which address is spe- 
cified by adding the contents of 
index register Y and value indi- 
cated first and second operand. 
ADC, AND, CMP, EOR, LDA, 
LDX, ORA, SBC, STA 






~ Contents of 
index register Y 


| Opcode (794.6) | 
Operand1 (1246) 
OperandI (AD) 


ADC $AD12,Y 791, 12;, ADig 






Absolute Y 
specification 
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- Implied addressing mode 

- Implied addressing mode need 
| no operand. . 
Instructions : BRK, CLC, CLD, CLI, CLT, 
CLV, DEX, DEY, FST, INX, INY, 
NOP, PHA, PHP, PLA, PLP, 
RTI, RTS, SEC, SED, ‘SEI, SET, 
SLW, STP, TAX, TAY, TSX, 
TXA, TXS, TYA, WIT 


Name 
Function 


Example  °: Mnemonic | Machine code 
CLC 1846 | 

Name : Relative addressing mode 

Function «Jumps to address which is pro- 


duced by adding the contents 
of program counter and the 
contents of operand. 
‘Instructions ‘ BCC, BCS, BEQ, BMI, BNE, 
BPL, BRA, BVC, BVS 
Example : Mnemonic Machine code 
- BCC *-12 904, F224, 


2—678 


: Cc 


Carry flag reset 


Proceed to next address when 
carry flag(c) is set. 


Jumps to * —12 address when 
carry flag(c) is cleared. 


Memory 


Memory 







-WAddress to be : 






executed nextf *— 12 
Opcode (904.) x 
Operand (F2,.) 
‘-§ Address to be 
| Address Weaeuted next *+2 
Opcode (90,,) *. 
Operand (F2,,) | a 
*+2 : 
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Name 
Function 


Instructions : 


Example 


Name 
Function 


Instructions : 


_ Example 


> Mnemonic 


: Mnemonic 


- Indirect X addressing mode 
- Operation is performed on the 


memory at address indicated 
by contents of consecutive 2 
byte memory” which _ first 
address is formed by adding 
operand and contents of index 
register X. 

ADC, AND, CMP, EOR, LDA, 
ORA, SBC, STA 

Machine code 


ADC (S1E,X) 61 1Ei. 


- Indirect Y addressing mode 
: Operation is performed on the 


memory addressed by adding 
the contents of index register Y 
and contents of consecutive 2 
byte zero page memory which 
first address is specified by 
operand. 

ADC, AND, CMP, EOR, LDA, 
ORA, SBC, STA 

Machine code 


ADC ($1E),Y 71i¢ 1E:6 














Memory 
, 00:6 
Ld es Zero page 
DataI (00,,) 04,6 
Datal (144.6) 054. 
| Zero page X 
'FF,, indirect 


specification 









Contents of 
index register X 





Opcode (614) : 


Operand (1E4.) 


uoljeoyloods aynjosqy 


Fr 







In this example, 00,, as data I and 14,, as data I have been 
stored beforehand. 


Memory 


#8 
! 
| Datal (tw) | 


1 1E 
Data I (01,6) be 


DataIl (12,.) ic 
) P46 


00, 






Zero page 


Contents of 
index register Y 










Zero page 
indirect 
specification 





Operand (1E;¢) . : Absolute Y specification 


In this example, 00;, as data I and 12;, as Data II have been 
stored beforehand. 
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Name 


Function 


- Indirect absolute addressing 


mode 


: Specifies consecutive 2-byte 


memories by contents of first 
and second operand and jumps 
to address indicated by con- 
tents of these memories. 


Memory 


Opcode (6C,,) 




































Instructions : JMP 
Example =: Mnemonic Machine code | OperandT (1446) | Sis 
JMP ($1400) 6C1, 0016 1446 r 
i _ Indirect 
specification 
Absolute 
-_ oo 
[Address to be 
1EFF i 
In this example, FF,g as data I and 1E,,as data I] have been 
stored beforehand. 
Name - Zero page indirect absolute 
| addressing mode 
Function  : Specifies consecutive 2-byte enon 
memories in zero page area by 00,¢ 
operand contents and jumps to Pa 
adddress indicated by contents 05 
of these memories. ; 
Instructions : JMP, JSR |_Datall (Ere) | 06;. 
Example =» Mnemonic Machine code © 
JMP ($05) B2;, 054. es es eed Pee, Et ee FFi¢ 
| Zero page 
indirect 
specification Absolute 
specification 
* 
Jump 
Address to be 
1EFF 
In this example, FFig as data I and 1E,,.as data II have been 
stored beforehand. . 
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Name : Special page addressing mode 
Function :Jumps to address in special 
page area. 8 high-order 


Memory 


| Opcode (228) ‘| 


Opcode (224.) 


Operand (E05) | 


address and __ 8 low-order 
address of jump distination is 
1Fig and contents of operand 
respectively. 

Instruction : JSR 


















Example :Mnemonic — Machine code 
JSR \S$1FEO 22,, E0,, 
t Special page 
*This symbol denotes | special specication 
page mode. 


(Note 1 ) 


Note 1 The higher byte address is 1Fig for M50740A-XXXSP, ; 
——_— ee FFO0,, - 


M50740ASP, M50741-XXXSP, M50752-XXXSP, M50757-XXXSP 
and M50758-XXXSP, and is 3Fig for M50930-XXXFP, M50931- 








XXXFP, M50932-XXXFP, M37410M3-XXXFP and M37410M4- | | (Note 1 ) 
1 Address to be 
(Note 1 ) 
_ FFFF;, 
Name _ + Zero page bit addressing 
mode 
Function : Operation is performed on the 


bit specified by 3 high-order 
bits of opcode, memory 
address containing this bit is 
specified by operand. 
Instructions : CLB, SEB 
Example  -: Mnemonic Machine code 
CLB 5,$04 BF,, 044, 


Zero page 
specification 
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Name 
Function 


Instructions : 
Example 


Name 


Function 


- Instructions : 
Example 


‘ Mnemonic — 


: Mnemonic 


- Accumulator bit addressing 


mode 


- Specifies bit in accumulator by | 


3 high-order bits of opcode. 
CLB, SEB 
-Machine code 


CLB 5,A | BBic 


: Accumulator bit relative ad- 


dressing mode 


- The location of the accumulator 


bit is specified with the 3 high- 
order bits of the opcode and, 
depending on the state of this 
bit, a jump is mode to the 


address indicated by the value 
produced by adding the oper- 


and contents to that of the 
program counter. 

BBC, BBS 

Machine code 


BBC 5,A,*—12 B31, F246 


Bit 5 


Accumulator 


When accumulator bit 5is 
cleared 


Bit5 | 
Jump to *—12 address 


_ Memory 










*x—12 


s Address to be 
executed next 


: Bit 
specification Opcode | 


CIN CCIERS 
Operand (F2;.) 










jun 
#43 , 


Bit 
[specification Opcode 
iy y 


Memory 







Bit 5 


When accumulator bit 5 is set 


; Bit5 


Jump to * +2 address 


Bit 
specification 


Opcode 


a Y 
Every + 


Operand (F2,,) 


{Address to be 
executed nest * +2 
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Name 


Function 


Instructions 
Example 


- Zero page bit relative address- 


ing mode 


: Operation is performed on the 


bit specified by 3 high-order 
bits of opcode, memory 
address containing this bit is 
specified by first operand and, 
depending on the state of this 
special bit, jumps to the 


address indicated by the value © 


produced by adding the 
second operand contents to the 


contents of the program 
counter. 

- BBC, BBS 

-: Mnemonic Machine code 


BBC 5,$04, * —12 B746 04,. F1 16 





Jump to * — 12 address when 


04,, address bit 5 is cleared. 


Memory 


) 0016 


1 04,, 


FF, 


* —12 





Zero page specification 








A Specification 


SL LT 
Operand (04,,) 
Operand (F14) 


i. 

















Le +3 








Zero page 


‘Zero page 
specification 


Advance to * +3 address when 
04,, address bit 5 is set. | 


Memory. 


t specification 


| , 
eto 


Operand (04,,) 


Operand (F14,) 


j Address to be 
~oxeculed oe 


Opcode | 


| +3 
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MACHINE INSTRUCTIONS 


Addressing mode 








Symbol Details 

















ADG 
(Note 1) 
(Note 9) 


When T=0 
A+A+M+C 


Adds the carry, accumulator and memory con- 
tents. The results are entered into the accumu- 
lator. , 
When T=1 Adds the contents of the memory in the address in- 
M(X)+-M(X)-+-M-+C | dicated by index register X, the contents of the 
memory specified by the addressing modes in the 
‘columns on the right, and the contents of the carry. 
The results are entered into the memory at the 
address indicated by index register X. 
















ase 
ay 2 
















AND 
‘(Note 1) 


BBC 
(Note 4) 
BBS Ab or Mp=17 Branches when the contents of the bit specified 
(Note 4) in the accumulator or memory are “1”. 
| BCC Branches when the contents of carry flag are 
(Note 4) ae 


C=0? 
BCS C=1? | Branches when the contents of carry flag are 
(Note 4) | . Oh . . 
BEQ | Z=1? Branches when the contents of zero flag are 
_.]| (Note 4) ie ise s) 
BIT | 
1? 
2 ; 
N=0? 


BMI N= Branches when the contents of negative flag 
| (Note 4) are “1”, 
B<— 


When T=0 
As-AAM 


“AND-s” the accumulator and memory con- 
tents. The results are entered into the accumu- 
lator. | 
“AND-s” the contents of the memory of the address 
indicated by index register X and the contents of the 
memory specified by the addressing modes in the 
columns on the right. The results are entered into the 
memory at the address indicated by index register X. 









When T=1 
M(X)+-M(X) AM 















1-bit shifts the contents of accumulator or con- 
tents of memory to the left. “0” enters Oth bit of 
memory or accumulator and the contents of the 
_7th bit enter carry flag. | 













Ab or Mp=0? Branches when the contents of the bit specified 


in the accumulator or memory are “0”. 

















AAM “AND-s” the contents of accumulator and mem- 


ory. The results are not entered anywhere. 





BNE Z=0 Branches when the contents of zero flag are 
(Note 4) |. “0”, . 
BPL 0 Branches when the contents of negative flag 
(Note 4) are “0”. . 
1 


BRA PC--PC+ offset Jumps to address where offset has been added 
\ to the program counter. 


2 | | | MITSUBISHI 
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Executes software interrupt. 
Ss-S—1 
M(S) PC, 
S+S—1 
M(S)+-PS 
S+S—1 
PC.+-AD, 
PCyH*ADy 
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Processor status register 


ret | sp (|7[6/5/4/3/2/ 1/0 


Addressing mode 








jo |#|orla[#[niv[t]e[o|i|zic 
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BS 
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_. Addressing mode 






Symbol Function es ‘Details 

































Formes one’s complement of contents of mem- 
ory, and store it into memory. 






Compares the contents of index register X and: 
memory. . 





| oP] m | # [oP] n | # JOP) n | # oP) n | # [oP| n | # Jor) n || 
.BVC v=0? Branches when the contents of overflow flag 
ie owe mrt TELE EL 
BVS V=1? Branches when the contents of overflow flag 
ie 7 ee Oe 
CLB oe Clears the contents of the bit specified in the cite Weak di deal BT | 1F 
accumulator or memory to “0.” __ 2i 2) 
CLC | C+-0 Clears the contents of the carry flag to “0.” ee at (ey ee ee te ie 
CLD D=+-0 ; Clears the contents of decimal mode flag to Vg 
EE oem PPTL TELL LLL ELI 
CLI I—0 Clears the contents of interrupt disable flag to |58| 2 | 1 
: me CELLET LEE ELL 
CLT | T+0 - | Clears the contents of X-modified arithmetic |12| 2 | 1 
ae et ie 
CLV Clears the contents overflow flag to “0.” - sel Lie tah aud 
CMP When T=0 Compares the contents of accumulator and C9} 2) 2 C$) 3) \2 
(Note 3) | A—M memory. | 
When T=1 Compares the contents of the memory speci- 
M(X) —M fied by addressing modes in the columns on . 
the right with the contents of the address indi- 
cated by index register X. THT] lui) 
i 
a 


as Se ee 


CPY Y-—M . Compares the contents of index register Y and 
memory. 
DEC A*+A-—1 or Decrements the contents of. accumulator or 1A a 


M-M— memory by 1. 


DEX X+X—1 ' | Decrements the contents of index register X by |CA 
i; SS 

DEY | Y*+Y-—1 Decrements the contents of index register Y by 
; — 1; | 


DIV A+(M(zz+x+ 1), Divides by accumulator the 16-bit data that is 
(Note.8) | M(zz-FX)) /A. the contents of M(zz+x+1) for high byte and 
M (S) + 1's comple- | the contents of the next address memory for 
ment of Remainder 
S+S—1 


SS ae ee el eae 
Fiber el ee eS 





a a a ee ae 




























low byte, and stores the quotient in the accu- 
mulator and the remainder on the stack as 1's 
complement. | . 


re ees a 
aay 
i<e) 
| i arr 
= a 
~~ 
en. | Pane 
aa ae 
ree: ae 


Pe oe ee 














When T=0 
A-+-A¥M 


EOR 
(Note 1) 


“Exclusive-ORs” the contents of accumulator 
and memory. The results are stored into the 
accumulator. 





“When T=1 
M (X) <M (X)44M 


“Exclusive-ORs” the contents of the memory 













specified by the addressing modes in the col- 
umns on the right and the contents of the mem- 
ory at the address indicated by index register 
X. The results are stored into the memory at the 
address indicated by index register X. 




























FST Connects oscillator output to Xourtr. E2) 2 

ae PEPE LE ELE ELE LEE 
INC A+A-+1 or Increments the contents of accumulator or |8A) 2/1 5. 2 

a rae SELLER ELE CBP PLL 

INX Increments the contents of index register X by 2 
ne 

INY Increments the contents of index register Y by |C8| 2 
ne eet Cle 
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Processor status register 


















































; = a a 
r B a a a oa al 
= a Seer ee a ae oa 
> SRR ane es 
Sie] | : 
ls] | of 
+e 
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. Addressing mode 
















Symbol Function ~ Details 





JMP ‘If addressing mode is ABS 
PC._*+AD_ | 
PCy*ADy 
If addressing mode is IND 
PC_+(ADu, AD_) 
PCH (ADy, AD. +1) 

.| If addressing mode is ZP, IND 

PC. (00, AD,) 

PCy (00, ADL +1) 

M(S)+-PCy 
S+S-—1 
M(S)+-PC, 
S+S—1 

After executing the above, 
if addressing mode is ABS, 
PC.*+-AD_L 
PCy*ADy 
If addressing mode is SP, 
PC.*-AD_ 

PCy+-FF 
If addressing mode is ZP, IND, 
PC. + (00, AD,) 

PCy+ (00, ADL_-+1) 


Jumps to new address. 




























After storing contents. of program counter in 
stack, and jumps to new address. 












Load accumulator with contents of memory. 


Load memory indicated by index register X with 
contents of memory specified by addressing 
mode shown in right column. 


M--IMM Load memory with immediate value. 
Load index register X with contents of memory. 
Load index register Y with contents of memory. 


; Shift the contents of accumulator or memory to 

the right by one bit. 
Oth bit of accumulator or memory is stored in 
carry, 7th bit is cleared. 















R 

A 
M 

x 

Y 
R 


Ss 
LD 
LD 
LD 
LD 
LS 
















(Note 2) 








M(S)*A-AXM 
+-S— 1 


(zz-+X) Multiplies accumulator with the memory speci- 
fied by the zero page X addrressing mode and 
stores the high byte of the result on the stack 


and the low byte in the accumulator. 













MUL 
(Note 8) 


OR When T=0 Produce the logical OR of the contents of mem- 09 





(Note1) | A*AVM  ~ y ory and accumulator..The result is stored in 
accumulator. . 

When T+1 produce the logical OR of contents of memory 

M (X) +-M (X) VM indicated by index register X and contents of 


memory specified by addressing mode shown 
in right column. The result is stored in memory 
of address specified by index register X. 
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Addressing mode Processor status register 


zx [ae Ts [re Taser | wo [are slr] s[5[4]3 [2] 0 
wile ln loa orl als ls safe Lao al 


al 
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> 
@ 
a 
> 
N 
U 
a 
a 
N 
U 


Symbol Function a | | Details 


PHA . Saves the contents of the accumulator in the memory 


Aas 
(oe) 


oe 


at the address indicated by the stack pointer and 
decrements the contents of stack pointer by 1. 


Oo 
© 
w 


PHP Saves the contents of processor status register 
, in the memory at the address indicated by the 
stack pointer and decrements the contents of 


stack pointer by |. 
PLA Increments the contents of stack pointer by 1’ and |68 
pulls from the memory at the address .indicated by 


the stack pointer, and store it in accumulator. 


PLP Increments the contents of stack pointer by 1 |28| 4 
and pulls from the memory at the address indi- 
cated by the stack pointer, and store it in pro- 


cessor status register. 


Nh 

> 
ats) 
ee 

Nn 
|S 
aed 
a 





om 
oe es ee ee 


(a ae aac Fa eae ee ne ae ce 
© 








ROL Connects the carry flag and the accumulator or 
memory and rotates the contents to the left by 1 
bit. 


Connects the carry flag and the accumulator or 
memory and rotates the contents to the right by 
1 bit. 


RRF Rotates the contents of memory to the right by 4 
bits. : 


0) 

> 
a) 
eee 
ss 


© 
RO 
aes 










S+S+1 Returns from the interrupt routine to the main 
PS<-M(S) 
S+-S+1 
PC._--M(S) 
S+S+1 
PCy+-M(S) 
S+-S+1 
PC_+-M(S) 
S+S-+1 
PCM (S) 


RTI 
routine. 


il 












RTS Returns from the subroutine to the main routine. 






















SBC When T=0 Subtracts the contents of memory and carry flag 
(Note 1) | A—A—M—C | from the contents of accumulator. The results 
(Note 9) are stored into the accumulator. 


When T=1 Subtracts contents of carry flag and contents of 
M (X)—M(X) —M—C | the memory indicated by the addressing modes 
shown in the columns on the right from the 





memory at the address indicated by index reg- 





ister X. The results are stored into the memory 
of the address indicated by index register X. 


SEB Ab or Mp+1 Sets the specified bit contents of accumulator 
or memory to “1.” . . 


Sets the contents of carry flag to “1.” 2 


fae D+-1 Sets the contents of decimal mode flag to “1.” 
SEI I+] Sets the contents of interrupt disable flag to 
: “y ad 


SET TI Sets the contents of X-modified arithmetic [32] 2 | 1 
‘ mode flag to “1.” 


SLW : Releases the connection between the oscillator |C2/ 2 | 1 
(Note 5) ; output and pin Xourtr. 





” 
m 
’ 
O 
iu 
w 
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Function Details 


Stores the contents of accumulator in the 
a ee 
Fo chee 
(Note 7) 
Stores the contents of index register X in the 
hdl aS arenes 
Stores the contents of index register Y in the 
alld ec “hentai 
Transfers the contents of accumulator to index JAA 
Le dk ieee ce 
Transfers the contents of accumulator to index |A8 
Seer rere 
Tests whether the contents of memory are “0” 


Se 
aes 


Mc Oe ee OS a a = 
bee ae ee ee ee ee ee 


ce 
N 
5 Coa SO (ee (Sie er a 


Transfers the contents of stack pointer to index |BA 
register X. 

Transfers the contents of index register X to the {8A 
accumulator. 


Transfers the contents of index register X to the 
stack pointer. 


NO 


Bay 
RO 










‘Transfers the contents of index register Y to the |98]| 2 


TYA 
came accumulator. 
a 
(Note 6) 


Note The number of cycles “n” is added by 3 when T is 1. 


The number of cycles “n” is added by 2 when T is 1. 

The number of cycles a is added by 1 when T is 1. 

The number of cycles “n” is added by 2 when branching has occurred. 

This instruction is not for any other models than M50740A-XXXSP, M50740ASP, M50741 -XXXSP, M50752-XXXSP, M50757-XXXSP_ and 

M50758-XXXSP. 

This instruction is not provided for M50740A-XXXSP, M50740ASP, M50741-XXXSP, M50752-XXXSP, M50757-XXXSP, and M50758-XXXSP. 

7 : This instruction is not provided for M50752-XXXSP, M50757-XXXSP and M50758-XXXSP. 

8 : This instruction:is not for any other models than M37450M2-XXXSP, M37450M4-XXXSP, M37450M8-XXXSP, M37450S1SP, M37450S2SP and 
M37450S4SP. 

9 : N, V and Z flags are invalid at decimal operation mode. 


[ea SN Ca Sa a (ae es a EE 
ee ae ae ee a a ee ee eee 


Bee 
Seta 





ob Wh — 


Oo 
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0 
x 





ae a ee: ae ee ee Pe ee ee ee 
a es ee a ee ee 
aa (es es es ee ee a ee 


IMP 






es ee ee ee ee ee ae 
Bo on 

[Oa a (a (a (a Ce a ed 
Piet (ee eRe (ae CO eS SE 
[aa (Sl (A. cine a a es ee a 










Implied addressing mode Addition 

































































































































IMM Immediate addressing mode Subtraction 
A Accumulator or Accumulator addressing mode Logical OR 
Logical AND 
BIT, A Accumulator bit relative addressing mode Logical exclusive OR 
Negation 
ZP Zero page addressing mode Shows direction of data flow 
BIT, ZP Zero page bit relative addressing mode Index register X 
Index register Y 
ZP, X _Zero page X addressing mode Stack pointer 
ZP, Y Zero page Y addressing mode Program counter 
ABS Absolute addressing mode Processor status register 
ABS, X Absolute X addressing mode 8 high-order bits of program counter 
ABS, Y Absolute Y addressing mode 8 low-order bits of program counter 
IND Indirect absolute addressing mode 8 high-order bits of address 
ADL 8 low-order bits of address 
ZP, IND Zero page indirect absolute addressing mode (ADy, AD,) Contents of memory at address indicated by ADy and 
AD,, in ADy is 8 high-order bits and AD, is 8 low- 
IND, X Indirect X addressing mode order bits. 
IND, Y Indirect Y addressing mode (00, ADL) Contents of address indicated by zero page AD. 
REL Relative addressing mode PF FF in Hexadecimal notation’ 
SP Special page addressing mode M Memory specified by ‘address designation of any 
Cc Carry flag addressing mode | 
Z Zero flag M (xX) Memory of address indicated by contents of index 
| ~ Interrupt disable flag register X 
D Decimal mode flag M (S) ‘Memory of address indicated by contents of stack 
B Break flag pointer a 
T X-modified arithmetic mode flag Ab 1 bit of accumulator 
V Overflow flag” Mb 1 bit of memory 
N Negative flag Opcode 


Number of cycles 
Number of bytes — 
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LIST OF INSTRUCTION CODES 


0010 see 0110 ee 1000 1001 cs 101] betel 1101 1110 | 1111, 


ORA | ASL | SEB 
“IMM 0,A 
DEC | CLB Ol 
0, A AB: 





























EC | STP | BBS | COM | EOR 
IND, X| (Noted) | 2,4 | zP | zp 


joa 
oO 
3 









M37450M2-XXXSP, M37450M4- XXXXSP, M37450M8-XXXSP, 
| M37450S1SP,.M37450S2SP, M37450S4SP 


other types 
Note 4° 


This instruction is not provided for M50752-XXXSP, M50757-XXXSP 
and M50758-XXXSP. 















MS0740A-XXXSP, M50740ASP, M50741-XXXSP, 
M50752-XXXSP, M50757-XXXSP, M50758-XXXSP . 


M37450M2-XXXSP, M37450M4-XXXXSP, M37450M8-XXXSP, 
i M37450S1SP, M37450S2SP, Misys 0258 
ee 


3-byte instruction 





2-byte instruction | 
[| 1-byte instruction 
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DESCRIPTION 

The M50744T-XXXSP is a single-chip microcomputer de- 
signed with CMOS silicon gate technology. It is housed in a 
64-pin shrink plastic molded DIP. This single-chip micro- 
computer is useful for business equipment and other con- 
sumer applications. 

In addition to its simple inginietion sets, the ROM, RAM, 
‘and |/O addresses are placed on the same memory map to 
enable easy programming. 

The differences between the M50744T-XXXSP and the 
M50744-XXXSP are some electrical characteristics depend 
on the expansion of operating temperature range. Other 
functions are explained in the M50744-XXXSP’s section in 
detail. 


FEATURES 
Hs Number of basic instructions Se ee ee rir 69 
© Memory size ROM Se ee ee ee er 4096 bytes 


°7.\ \) Co eon 144bytes 
® Instruction execution time ae 
meer 2us (minimum instructions at 4MHz frequency) 


@ Single power supply f(Xjj)=4MHzZ 5V+10% 
© Power dissipation 
normal operation mode (at 4MHz frequency) ---: 15mW 
@® Operating temperature range «st —40~85C 
® Subroutine nesting ste 72 levels (Max.) 
o Interrupt en ee er ere senate: 6 types, 5 vecters 
@ 8-bit TIM creer ccc eee ete e enn e eee e eee e teen net eeeeeenenen eens 3 
@ Programmable 1/O (Ports PO, P1, P2, P3, P4) «+++ 40 
Oo Input ports (Port P5) auduareaneeharaded aals Ws Pew ne Wee sala AOee eas 8 
e Output ports (Port. P6) ee Lisle ied gia Has wane eon eee ke caeieres ete 4 
© A-D converter-::::::1:+++* 8-bit successive approximation 
® D-A converter 
© 8-bit PWM function 
7) 


Watchdog timer 


APPLICATION 

Office automation equipment 

Automobile (Audio visual system, Instruction panel system, 
Air conditioner system) 


{ Output 





PIN CONFIGURATION (TOP VIEW) 


Reference 
voltage input 
D-A output 


_ P2, 
> P2, 
> P2, 
> P2, 
+> P2¢ 
+> P2, 
+ PO, 
> PO, 
+> P0, 
> PO; 
+> PO, 
+> POs 
> PO, 
++ PO, 


| 
_ 


1/O port P2 


P4,/AN; + 
P45/ANg +> 
P45/ANg +* 


1/O rt PO 
P4,/ANg cosas 


= 


ae P4 


+ PA, 
++ PI, 
+> Pl, 
++ Pi, 
++ Pls 
+P, 
+P, 
— P5p 
+ P5, 
+ P5, 
+ P5, 
+ P5,/ED, 
+ P5;/EDs 
+ P5/ED, 
+ P5,/ED, 


dSXXX-LyrZOSN 


I/O port P1 
1/0 


port P3_ | p3./CNTR + 
P3,/INT> 


Interrupt input INT, - 
CNVss 

Reset input RESET — Input port P5 

Clock input 

Clock output Xout *— 


Timing output g- 





Outline 64P4B 
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M50744T-XXXSP BLOCK DIAGRAM 


Clock input Clock output Timing output _ Interruptinput ——- Reset input (5V) (Ov) (Ov) 
Xin Xourt ¢ INT,. RESET Voc Ves CNVss 


=, 


Timer 1 
T1(8) 



















Processor 


Program 


‘status . 
: counter ; | 
Watchdog timer register counter Lee 
PS(8) PCy(8) PC, (8) 





Program ; 




















= 
Prescaler Ti 1 





Instruction 
decoder 





























8-bit Eontronai 
and logical 144 bytes Index Index ; PREX(8) TX(8) : 
. register 2 4096 bytes 
register Y(8) 






CNTR 


me HIRI HL 


EH HI 


[eae 


WERE 






| : 
OM 





a 
2. rs 





(8X9) GH4A-+3)HK2)-B3C HEISE IEICIGD 1 MASI MO D— - 18X20) EHEDEICNCNEDEIHCI—-GNEAEIUNENOGIGD Q9606N6263O46966) 
Output = PWM D-A Vase AVeg__ Input port P5 I/O port P4 I/O port P3 Input port P2 _ 1/0 port P14 I/O port PO | 


port P6 





dSXXX-PPLOSIN JO NOISUSA AUNLVYAdWSAL DNILWYAdO GAQNALX3 
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ABSOLUTE MAXIMUM RATINGS 















Parameter Conditions 





Ratings 





; Supply voltage 











Input voltage Xin 
‘Input voltage P2)~P2;, P44~P47 
Input voltage POQgo~PO07, P1g~P17, P39 ~P37, P4o~P 4s, 
P5o~P57, INT; 
Input voltage CNVss, RESET ; 
Output voltage P29 ~P27, P44~P47, Xour, ¢, D-A 


=); 3~Voect0. 3 
Output voltage PO9~ P07, P1p~P1y, P39~ P37, P49~P43, 


2 mn 


Note 1 : 300mW for QFP types | , 























With respect to Vss5 
With the output transistor cut-off 





—0.3~13 


















RECOMMENDED OPERATING CONDITIONS (vcc=5v+10%, Ta=—40~85°C, unless otherwise noted) 


_ Parameter 


4.5 
“H” input voltage POQg~P07, Plo~P17, P29~P2z7, 
P39~P37, P4p>~P47, P5p~P57, 
INT;, RESET, Xin, CNVss 
“L” input voltage POg~P07, P19~P17, P29~P2z, 
" P89~P37, P4g~P47, P5p~P5;, 
INT;, CNVgs 
“L” input voltage RESET 
“L” input voltage Xin 











“L” peak output current POp~P07, Plo~P1z, 


lou( peak) P29~P27, P3p~P37, 
P4>~P47, PWM (Note 2 ) 


“L” peak output current P69~P63 (Note2) | 


“L” average output current POg~P07, P19p~P17, 


lotcavg) P29~P2,, P39~ P37, 
. . P49~P47, PWM (Note 1 ) 


“L” average output current P6g~P63 (Note 1 ) 
“H” peak output current P29~P2;7 (Note 2 ) 
“H” average output current P29~P2;7 (Note 1 ) 


fox) Internal clock oscillator frequency 











Note 1 : The average output currents loccavg) and lon(avg) are the average value of a period of 100ms. 
2 : Do not allow the combined low- level output current of ports PO, Pl, P2, P3, P4, P6, and PWM to 
exceed 80mA. ' 
Do not allow the combined high- level output current of port P2 to exceed 50mA. 
3 : “H” input voltage of ports’ PO, P1, P3, P49~P43, P5 and INT, is available up to +12V. 
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ELECTRICAL CHARACTERISTICS (Vcc=5V, Vss=0V, Ta=—40~85°C, f(x,)=4MHz, unless otherwise noted) 









Limits 
Typ 





3 


| Vou | “H” output voltage P2>~P2, lox=—10mA 
| Ven “H” output voltage ¢ lonp=—2. 5mMA 






Vou 
Nou = 
“L” output voltage POg~P07, Plo~P17, P29~P27, 
Vv L lol =10mA 
P39~ P37, P4p~P4, P69~P63, PWM 
Vor 


va [ Heri; SCSC“‘“‘s*iSCSC 
Ge 


fe) 
co) 
re) 
fe) 
“L” input current POo~P07, Plo~P17, P29~P27, 
liv . P39~ P37, P4o~ P47, P5o~P57, 
P69~ P63, PWM 
IL 
1H 
cc 


O};o 
O1 |] Ww} 
; 
<< 








“L” input current INT;, RESET, Xin V,=0V 


“H” input current POo~P07, Plo~P17, P3o~P37, iy 
P4)~P43, P5y~P57, P6g~P63, PWM a . 
5V if 





io) 
N 
7 
on 
is 
Ea. 


| 
“H” input current INT], RESET, Xin, P29~P2z, yes 
P4,~P4, a 


RAM retention voltage When clock disabled 


f(xy) =4MHz 
. 3 mA 
¢, Xour, and D-A pins | Square wave | 
opened, other pins at | at clock stop 
Vsg, and A-D conver- Ta=25C | uA 
ter in the finished At clock stop > : 
Ta=85°C zi 


condition. 
A-D CONVERTER CHARACTERISTICS (Vcc=5v, Vss=0V, Ta=—40~85'C, fixjy)=4MHz, unless otherwise noted) 


la = tae ll Absolute precision Vrer=Vec, with the output transistor cut-off 














| Supply current 
















Fteow | Cowersintime ——Ss—C—C—CSCSCSiYS ; 





D-A CONVERTER CHARACTERISTICS (Vec=5V, Vss=0V, Ta=—40~85, f(x.y)=4MHz, unless otherwise noted) 


| | 
Symbol Parameter Unit 


Ma 
a a 
Cc 








Test conditions 







7 | Min. | Typ. | 
aes (ae AEs ee 
Vrer= Voc, with the output transistor cut-off ——p—~} 
Saas 
ee aT ko 
eee eae 








i a Z 


X. 
(9) 
3 S 
4 ce) 
Aeiarenice voltage fae rae, 
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DESCRIPTION 
The M50747T-XXXSP is a single-chip microcomputer de- 


signed with CMOS silicon gate technology. It is housed in a- 


64-pin shrink plastic molded DIP. This single-chip micro- 
computer is useful for business equipment and other con- 
sumer applications. 

In addition to its simple instruction sets, the ROM, RAM, 
and |/O addresses are placed on the same memory map to 
enable easy programming. 

The differences between the M50747T-XXXSP and the 
M50747-XXXSP are some electrical characteristics depend 
on the expansion of operating temperature range. Other 
functions are explained in the M50747-XXXSP’s section in 
detail. ' 


FEATURES 
ti) Number of basic instructions ee ee ee ee 69 
® Memory size ROM ee ee ee ee 81 9? bytes 


RAM cecccccccccccesc esses seteeseeeececees 256 bytes 


® Instruction execution time 
rege 1s (minimum instructions at 8MHz frequency) 


® Single power supply f(Xiy)=8MHZ- eee 5V+10% 
© Operating temperature range «rrr ete —40~85C 
@® Power dissipation 

normal operation mode (at 8MHz frequency) -::- 30mW 
® Subroutine nesting -*-:::--*-- sneaeodie eter 128 levels (Max.) 
e Interruptss:screreeeteeteee ee ee teeter e eet eee 7 types, 5 vecters 
® 8-bit timers: -+++3 (2 when used as serial I/O) 
@ Programmable I/O (Ports PO, P1, P2, P3, P4) <7: 40 
Q Input ports (Port P5) Sig olaidiGisiave Saint Cmies SoS eR Rew ew eins eee bee ea oe CaS 8 
e@ Output ports (Port P6) ee ee ee ere ag sedreea as cama teats 8 
© Serial 1/O (Clock synchronized or UART)--:--:-sree eet 1 
APPLICATION 


Office automation equipment 


Automobile (Audio visual system, Instruction panel system, 


Air conditioner system) 


PIN CONFIGURATION (TOP VIEW) 


P 
Output port P6 


P 
\/O port P4 
P 


P3,/Srapy 

P3,/CLK + 
P3,/TxD< 

/O port | P34/RxD<> 
P3 1p3./CNTR 
P3./INT> 


Interrupt input |NT, — 
CNVss 
Reset input RESET => 
Clock input 
Clock output 
Timing output 


dSXXxX-LZyZOSWM 


Outline 64P4B 





1/O port P2 


1/O port PO 


\/O-port P1 


Input port PS 
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M50747T-XXXSP BLOCK DIAGRAM 


Clock input Clock output Timing output Interrupt input | Reset input (5V) ' (OV) (OV) 
Xin Xour p . 5 INT, RESET Voc Vss CNVss 





























crece neo! Program | Program 7 
register counter counter Instruction 
PS(8) - PCy (8) PC, (8) — register (8) 












Instruction 
decoder 
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EXTENDED OPERATING TEMPERATURE VERSION of M50747-XXXSP 





ABSOLUTE MAXIMUM RATINGS | 


Supply voltage | 
Input voltage, RESET, Xin, INTy, P5p~P57 


| ) 
Input voltage, P0g~ P07, Plo~P17, P29~P27, P39 ~P37, 
Vi ‘ . ew aa ee f With respect to Vss. —0.3~Vec +0. 3 
P4p~ P47, 












Output transistors cut-off 
Input voltage, CNVss —0.3~13 


Output voltage, P0o~P07, Plo~Pl7, P29~P27, P3o~P37, 


0. 3~Vee-+0. 3 V 
P4o~P47, P6o~P67, Xour, $ | -0.3-vecte3 | ov | 





Topr Operating temperature Nee eae ee ee —40~85 
—65~150 








RECOMMENDED OPERATING CONDITIONS (Vcc = 5v+10%, Ta = —40~85, unless otherwise noted) 


Symbol Parameter 


Supply voltage 
Supply voltage 
“H” input voltage, POo~P07, Plo~P17, P29~P2;, 
Vin : | ~ P3p~P37, Pdop~P47, PSg~P5y, 
INT;, RESET, Xin, CNVss 
“L” input voltage, P0g~P07, Plo~Pl7, P29~P27, 
Vin P39~P37, P4g9~P47, P5p~P5z, 
_INTy, CNVss 


“L" input voltage, RESET 
L 


“L” input voltage, Xin 
+ “L” peak output current, POg~P07, Plo~Pl7, P29~P27, 
“L” average output current, POg~P07, Plo~Pl7, P29~P27, 
loviavg) | P39~P37, PAg~P4y, Pig~P67 
. - (Note 1 ) 
P39~ P37, P4g~P47, P6g~P67 


“H” average output current, POg~P07, Plo~Pl7, P29~P27, 


lon(avg) ; P39~ P37, P4o~ P47P69~ P67, 
(Note 1 ) 


Internal clock oscillating frequency 


Note 1 : The average output current loccavg) and lon(avg) are the average value of a period of 100ms 
2 : Total of lor(peak), Of ports PO, Pl, and P2 is 20mA 
Total of lon(peak), Of ports PO, Pl, and P2 is 20mA 
Total of li(peak), of ports P3, P4, and P6 is 80mA 
Total of lon(peak), Of ports P3 and P4 is 20mA 
Let the total of lon(peak), Of ports P6 below 60mA 
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EXTENDED OPERATING TEMPERATURE VERSION of M50747-XXXSP 





ELECTRICAL CHARACTERISTICS (Vcc = 5V, Vss = OV, Ta = —40~85°C, f(x.) = 8MHz, unless otherwise noted) 
" ae . Limits - 
Symbol | Parameter — Test conditions 
Fsymbat Min. Typ. Max. 







Unit 





é 
















lou = —10mA | 3 


lon = —2.5mA 


lot = 10mA 


) 
Hysteresis, P3, When used as CLK input ‘ 


E 












Vv “H” output voltage, P09~P0y, Pl o~PI a, P29~ P27, 

pai P39~P37, P4p~P47, PGy~P67 
Vou 

Vor 








ww 
< 


“H” output voltage, ¢, ~ s 








“L” output voltage, P0g~ P07, Plo~Pl7, P29~P27, 
P39~P3;, P4p~P4,, P69~ P67 





“L” output voltage, ¢ 





fo) 
GW 
= 
on 








Hysteresis, P3. When used as INT2 pin : 
Hysteresis, P33 When used as CNTR input 
Hysteresis, RESET 

ae 


“L” input current, P0g~P0z, Plo~Pl7, P29>~P27, 
P39~P3z, Pay~P47, P5y~P5z, 
| P6)~P67, INT;, RESET, Xin 
“H” input current, POp~PO07, Plo~Pl7, P2o~P27, 
la - P3g~P37, Pdo~P47, P5p~P5z, 
P6o~P6y, INT}, RESET, Xin 


RAM retention voltage 








o/o]o 
w | w | ow 























; {ele 
on o1]N]— NP] PM 
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ess 
> 


fAtstopmede—SS=~=“‘*~*é~sTSC“‘ R*ESONOC#dC(C‘“CNSSVSCS 

ee a 
Square wave 

reve | LT 
Tg = 25C 

ae 
Ta = 85C 













Output terminals 










Supply current are opened, 


others to Vss 
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EXTENDED OPERATING TEMPERATURE VERSION of MS0753-XXXSP 





DESCRIPTION | 7 

The M50753T-XXXSP is a single-chip microcomputer de- 
signed with CMOS silicon gate technology. It is housed ina 
64-pin shrink plastic molded DIP. This single-chip micro- 
computer is useful for business equipment and other con- 
sumer applications. 

In addition to its simple instruction sets, the ROM, RAM, 
and I/O addresses are placed on the same memory map to 
enable easy programming. 

The differences between the M50753T-XXXSP and the 
M50753-XXXSP are some electrical characteristics depend 
on the expansion of operating temperature range and the 
fact that this microcomputer works only in the single-chip 
mode. 


FEATURES 
C) Number of basic instructions see e cere cern cere ee reeeeeetseeevees 69 
o) Memory size ROM deem cece cere ees e wee eerresssscsece 61 44 bytes 


| RAM wile ee wie 0b: 6: hie S059. wee eyele a6 oe Be are eSalarers 192 bytes 
© Instruction execution time | | 
eal 2s (minimum instructions at 4MHz frequency) 


© Single power supply f( Xin) =4MHZ-reee 5V+10% 
© Power dissipation 

normal operation mode (at 4MHz frequency) --: 22.5mW 
© Operating temperature range «rrr tree —40~85C 
® Subroutine nesting sree 96 levels (Max.) 
© Interrupts reece eee cette eee ee ete e teeta 8 types, 5 vectors 
@ 8-bit timers: 3 (2 when used as A-D or serial |/O) 
® Programmable I/O ports (Port PO, P1, P2, P3, P4) ----: 36 
© Input ports (Port IN) i ddeicewepwn ee Meee Ghis 0S Kedenes eee METRE INOS S eB 
© Serial |/O (8-bit) Lich Otmes EN etae pale camer s Chl eae tan cea aeaey eae { 
@ A-D converter-:::::::::+7": 8-bit successive approximation 
© PWM function Peewee merece eer ee semanas eee r ea seserreseeeeseasesecees 1 
APPLICATION 


Office automation equipment 
Automobile (Audio visual system, Instruction panel system, 
Air conditioner system) | 





AVss 
Input pottIN  INQ— 








Vref > 





PWM AVcc 

output port PWM — 
NC 

P2, + 
P25 +> 
P25 +> 
P2,+> 


P23 = 










I/O port P2 






P25 +> 
P32/Srpy 
P36/CLK + 
P35/Sourt 

P34/Siy 


1/O port P3 
i P33 +> 









| 
Interrupt input 





NT. 
CNVss 

Reset input RESET — 

Clock input Xin 








Clock output Xout 





Timing output p— 


Reset RESETour = 
output 
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Outline 64P4B 
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-_ 
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++ P4y 
> P4, 
+> P4, 
+> P4, 
—+2¢4 Timing output 


IN2 
IN3 
IN4 >? Input port IN 
IN5 | 
IN6 
IN7 


Voc 


+ PO, 
+ PO, 
+> PO, 
+ P03 
+> PO, 
> POs 
+> PO. 
+> PO, 
++ Plo 
> Pi, 
+P. 
+ Pl; 
+> P14 
Pi; 
+ Pig 
+ P1, 


1/O port PO 


I/O port P14 


NC 
NC 





1/0 port P4 





NC 


NC : No connection 
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M50753T-XXXSP BLOCK DIAGRAM 


Clock Clock _ Reset Interrupt Interrupt - Reset 
input output Timing output output input input input 
Xm Xour 5 8 28 — RESETour INT.) INT) ~——sORESET 









ROM — 
6144 bytes 














Program 
counter 
PC,(8) 


Processor 
status 
register PS (8) 










counter 
PC,{8) 










~ arithmetic RAM 
and 
logical 

















Stack 






Accumulator 
A(8) 







192 bytes 





pointer S (8) 





a 8) a 8) 
a ALU) 
UBINLOLNE2) 


Input portIN- port IN 1/O port “1/0 port Pa VO portP3 port P3 VO port P2 port P2 





(5v) (5v) (OV) (OV) (ov) 


Veco AVoc Vss AVss CNVsg Vrer 


i Dea Sata CR 
I 1 


Program 


es ae 1 

re 
Instruction 
eal 8 

— —; | 

eee Timer 2 


PRE12 (8 eee TA8) acm 
decoder 


oe 
Prescaler ee x 
PREX (8 






Control signal 


ee 





1/0 port  VOpotPl ~ WO portPO port PO Pulse Bel CNTR 
modulation timer 1/0 
output port 
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| MS0753T-XXXSP 


EXTENDED OPERATING TEMPERATURE VERSION of M50753-XXXSP © 





ABSOLUTE MAXIMUM RATINGS 


Input voltage POg~P07, Plgp~P17, P29~P27 
P3o9~P37, P4p~P43, CNTR 

INTs, INT2, CNVss , 

Ve 

Output voltage POQgo~P0;, Plo~P17, P29~P27 Vv 

P39~P37, P4o~P43, CNTR, PWM ; 
Operating temperature | Nine ee eee eee ee 
SSS aes 


Storage temperature 















Voc 
Vi 
Vi 

















< 


With respect to Vss 
Output transistors are at “off” state 







< 


4 
Q fe) 
oe 





Topr 








RECOMMENDED OPERATING CONDITIONS 


(Vec=5V10%, Ta=—40~85C, unless otherwise noted) 


arameter ni 
| Min. | Nom. Max. 


“H” input voltage POo~P07, P19 ~P17, P29~P27 
P39~P37, P4p~P43, INO~IN7 
CNTR, INT), INT2 
RESET, Xin, CNVss 
“L” input voltage POg~P07, Pig~P17, P29~P27 
* P389~P37, P4p~P43, INO~IN7 
CNTR, INT}, INT2, CNVsg 


Vin “L” input voltage RESET 0. 12Vecl Vi | 
Vie “L” input voltage Xin 
foxy) Internal clock oscillating frequency 


Note 1 : “H” input voltage of ports PO, P1, P2, P3, P4, CNTR, INT,, and INT2 is available up to +12V. 
(However, these ports are without pull-up transistor) 






Symbol 



























Vin 
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| EXTENDED OPERATING TEMPERATURE VERSION of M50753-XXXSP 





ELECTRICAL CHARACTERISTICS (Voc=5V410%, Vsg=0V, Ta=—40~85, fx.) =4MHz, unless otherwise noted) 


: 3 | | Limits ~ 
Symbol Parameter Test conditions : Unit 


“H” output voltage 4, RESETour, 2 ¢ lonx=—2.5mA 


“L" output voltage P0>~P0;, P1g~P17, P2>~P2z 
_ P3p~P37, CNTR, P4o~P43, PWM 
V 


' “L” input current POg~P07, P1p~P17, P29~P27 V\=0V 
P39~P37, P4o~P43, PWM Without pull-up transistor 


“L” input current POg~P07, Plo~P17, P29~P27 V,=0V . 
P39~P37, P4g~P43, PWM With pull-up transistor 


“L” input current CNTR, INT, INTo, RESET, Xin 


“H” input current POg~PO07, P1o~P17, P2o>~P27 
IH 
Iw 
ant 
loc . 


OL 
Il 
iL 


RR 
>|> 


| 
wp [ayat © or |OVINi mA ]eyhy] & 


P3y~P37, P4o~P4s, PWM Without pull-up transistor 


“H” input current PQg~PO7, P1o~P17, P29>~P27 _ Vi=5V 
2a, “H” input current CNTR, INT}, INT2, RESET, Xin Vi=5V 
laa 


:s 
> 


Rg 
> 





3 
> 


“H” input current Vrer Vi=5V 


Supply current 


3 
> 


< 
> 


io 
> 


Supply current for A-D 





A-D CONVERTER CHARACTERISTICS (vcc=AVco=5V, Vss=AVss=0V, Ta=—40~85°C, foxy) =4MHz, unless otherwise 


noted) 
Symbol 
Typ. Max. 


| | Absolute accuracy Voc=AVcc= Vrer=)d. 12V 
Ladder resistance value 1 





Unit 










Bits 
S 


rc 


t xn 


< 


59) 








| Max._| 
aes 
Rees 


Cc 


Reference input voltage 


Analog input voltage 
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EXTENDED OPERATING TEMPERATURE VERSION of MS0753-XXXSP 





TIMING REQUIREMENTS 


Single-chip mode (Vcc=5V+10%, Vss=0V, Ta=—40~85°C, fx,)=4MHz, unless otherwise noted) 


Typ. Max. 
Port PO input setup time 
Port PO input hold time 
Port P2 input hold time 
Port P3 input hold time 
Port P4 input hold time 
Port IN input hold time 


External clock input cycle time 


External clock input pulse width 
f 


GC) | 
nO} hd 


16%) 
NO 
i) 


GW | Ww 
NOD 
sis 


wW 
no 
oO 


External clock rising edge 


External clock falling edge 


Nh 
63) 





nN 
SJ] oo 


Nh 
on 


SWITCHING CHARACTERISTICS 
Single-chip MOdeE (Vec=5V410%, Vss=0V, Ta=—40~85C, f(x.) =4MHz, unless otherwise noted) 


Symbol Parameter Test conditions 


Port PO data output delay time 
td(g—Pp1Q) Port P1 data output delay time 


Port P2 data output delay time 


td(¢g—p3q) — | Port P3 data output delay time 
Port P4 data output delay time 
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EXTENDED OPERATING TEMPERATURE VERSION of MS0753-XXXSP 


2¢ PIN AC CHARACTERISTICS (Vcc=5. Ov, Vss=0v, canal Ta=25C, anes otherwise noted) 


te ___] Clock output cycle time 
Clock output pulse width 


Clock rising time 
















Clock falling time - 





Timing diagram of 2¢ 





Fig.1 Ports PO~P4 test circuit Fig.2 2¢ test circuit 
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TIMING DIAGRAMS 


In single-chip mode 


tsu (poo—¢) 


a 


fie 


Port PO output 


Port PO input 


th (¢—PoD) 


tsu (p1p—¢) 


Port P1 input | 
th (¢—-P1D) 
td (¢—p2aq) 


td (¢—p1Q) 
Port P1 output 


| 


a 


all 





Port P2 input 
th (¢-—p2p) 
td (¢—p3qQ) 
tsu (p3D—¢) 
~ Port P3 input 
th (¢—P3p) 
td (¢—Pp4aQ) 
th (g—P4p) 
Port IN input 
th (¢-IND) 
f (Xin) 
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DESCRIPTION 


The M50930T-XXXFP is a single-chip microcomputer de- 


signed with CMOS silicon gate technology. It is housed ina 
80-pin plastic molded QFP. This single-chip microcomputer 
is useful for business a le and other consumer ap- 
plications. 

‘In addition to its simple instruction sele: the ROM, RAM, 
and I/O address are placed on the same meme map to 
. enable easy programming. 

The differences between the M50930T-XXXFP and the 
M50930-XXXFP are some electrical characteristics depend 
on the expansion of operating temperature range. Other 
functions are explained in the M50930-XXXFP’s section in 
detail. 


FEATURES 


@® Number of basic instructions: eve eeenecdeenseneaneees ieee eas 69 

© Memory size ; | 
ROM <-::-: seteeeeneaneereecceneeeneeneseeeseaneeeeneeens 4096 bytes 
Sy ee panuueaee siecle’ Jed etecetaapaiad 128 bytes 


@ instruction executing time . | 
teens 2us (minimum instructions, at 4MHz frequency) 
@® Single power supply | 
f(Xiy) =4MHz Lehdinas weeded ke kana BeeaG kena vie weblaeek 5Vt10% 
£(Xin) = TMH z vereeseeseereeeees 2.7V S Voc S 5.5V(Typ.) 
@ Power dissipation 
nomal operation mode (at 4MHz frequency) _ 


aici a lea'g whe ice 1dk stra 0 lov 506 crasb ee Deven aie erasers ebte ears 15mMW(Vec=5V, Typ.) 


low- -speed operation mode (at 32kHz frequency for 


Clock function) -++1rrrrrrrreereeee 225uW (Voc=5V, Typ.) 
stop mode(at 25°C) scree 5uWw (Voo=5V, Max.) 
@ RAM retention voltage (stop mode) 
eucanicn Dinette weia Sec earia eae eda eeoeewi as 2.0V S Vram < 5.5V 
@ Operating temperature range rrr —40~85 
© Subroutine nesting ------: spc Ret: 64 levels (Max.) 
@ Interrupts: creer eee eee eee ects 8 types, 5 vectors 
—@ «6B-bit timers 3 (2 when used as serial I/O) 
@ 16-bit timer s+ 1 (Two 8-bit timers make one set) 
@ Programmable !/O ports | 
(Port PO, P1, P2, P3) nd Pusiinsie sbenigs nibeibeeg Veviet tages rae 32 
® Input ports (Port PA) rsstseeneseres LNG SEDI ERE ORAS aa eee Seee ke 8 
® Serial |/O (8-bit) bane wiiatcwnauicas wana Wn dacue Ncaas ates cewoaemavey ies | 
@ LCD controller/driver (1/2, 1/3 bias, 1/2, 1/3, 1/4 duty) 
segment OUipUt crest p ae iia elaleceieatbieled ins eee wisie'e ed wate 32 
common output stent eee e eee eneeteeeeeeseesseaseestesscetseeeesenee A 


@ Two clock generator circuits (One is for main clock, the 
other is for clock function) | 


APPLICATION 

Office automation equipment 

Automobile (Audio visual system, Instruction panel system, 
Air conditioner system) 


PIN CONFIGURATION (TOP VIEW) 


ei 
ol 


P31/Xcin 





ddXXX-LO&60SW 


Outline 80P6 
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M50930T-XXXFP BLOCK DIAGRAM 











Interrupt ‘ Reset 
Clock Input Clock Output input input (5v) (OV) (OV) 
Xin Xour INT; RESET Voc Vss CNVss 


l 



















Processor Program Program Stack 
a ee 3 Status Counter Counter Pointer 
: : Register PS(8) PC,,(8) PC, (8) S (8) Register 


L) 


instruction 
Decoder 



























Arithmetic RAM ieee Control Signal 
Accumulator 128 bytes Index Index 
Register Register 
xo N68) 










I 
——— poe 


LCD Controller/Driver 


Xcout eI bal ee 
Lah A A A 
Se paler soeme eis SEER a 
esqerri es seegess § 
OOU 0}65)—(64) —(59-(58)(57) —(10(11)12(13) OO" bddodadoh dd - 253637383940) 42 (43X44 X45 45X47 X48)—(49 X50) (516253) 6 4X55K56) - 






G34) ane (6) 
Segment Output (32) © Common _ Power Supply I/O Port P3 1/O PortP2 . 1/O Port P1 1/0 Port PO 
SEG Output for LCD aes | 
COM 
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ABSOLUTE MAXIMUM RATINGS 


ar 
. 



















Supply voltage for LCD Vii~Vi3 
Input voltage POg~P07, P19~P17, P29~P27 
P39~ P37, P49~P4,, Xin 


—0. 3~Vect0. 3 


< 


0 a 









V ' | Input voltage INT;, CNVss —0.3~7 V 
Input voltage RESET, CNTR Output transistor are “off” =O. 313 V 










Output voltage PQo~ P07, P1o~P17, P29~P27 
P39~P3;, COMo~COMsg, SEGo~SEG31 
Xout 
Output voltage CNTR 


ame 50 
Topr Operating temperature | —40~85 
Tstg Z —55~125 


=O): 3~Voec+0. 3 
















0 
< 








3 
= 








Fle 













Symbol 












NYO 


Parameter ; Conditions Unit 
Min. Nom. Max. | 
Supply voltage (Note 1 ) f(Xin) =4. 3MHz : 
(in single-chip mode) | f(Xij)=1. 1MHz <2. 


Supply voltage 


“H” input voltage POg~PQ7, P19~P17 
P3p, P3, (Note 2 ) 


Np] > 





Vcc 
Vss | 


[r. 
lon} on 
|or;on 


tz 


0. 8V V 
" P33~ P37 (Note3), P49~P47 es ee 
‘RESET, Xin, CNVss 
““H" input voltage P29>~P27, P32, P3¢ (Note 4 ) 
| 0. 85V V 
sa INT;, CNTR | i 







“L” input voltage PO0g~P07, P19~P17 

| P3p, P3, (Note 2 ) 

P33~P3; (Note 3 ), P49~P47 
CNV¢gs° | 


0. 2Vcc 





) “L” input voltage P29~P27, P32, P3g (Note 4 ) 
fates 0.15V V 
Vi ‘| “L” input voltage RESET | J 0.1V6e} 








V “L” input voltage Xin 
“H” Output current POg~P07, Pl9o~P17, P29~P27 
~ P39~P37 (Note 5 ), Xour 

“L” peak output current PQg~P07, Plo~P17, P29~P27 

P39~P37,.CNTR, Xour(Note 6 ) 
“L” average output current PO o~P0;, P1 o~Pi7 

P29~P27, P39p~P37 

CNTR, Xour(Note 7 


0. 14Ve6 


3 
> 


IL 
lon 





: 


" 
3 
> 


7 
Ae 
> 


lo-(peak) 


















lov‘avg) 


) 


Voo=2.7~5.5V 64 |. [1100 | 6 
i Xeno We Mh, ep eae a ee ea a Oe 


Note 1 Value of Voc is 4.5<Vcec<5.5 in memory expanding and microprocessor mode. When only maintaining the RAM data, minimum value of Voc is . 
oy. | . 
When using port P3, as Xon, 0. 9VecSVinSVoc, 0 SVitS0. 1Vcc for port P3;. 

In this case of using port P3, as normal input. | a 

In this case of using port P38, as CLK input. 

The total of lox of port PO, P1, P2, P3 and Xgur should be 35mA max. 

The total of Io, (peak) of port PO, P1, P2, P3 should be 55mA max, and the total of 

lo (peak) of port P3, CNTR, and Xoyz should be 45mA max. 

lo. (avg) is the average current in 100ms. 

When changing the contents of the most significant bit at address 00F5;., 
(Xin) needs the following range : f(Xin) >3f(Xcin). 



















f(Xin) Clock oscillating frequency (Note 8 ) 














Clock oscillating frequency for clock function (Note 8 ) 





Om o1 & W PO 


on 
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ELECTRICAL CHARACTERICS (Vss= OV, Ta a0 Ste: unless otherwise noted) 


Symbol Parameter 





Test conditions 


Min 






. “H” output voltage POo~P0z, P1o~P17, P2o~P2z, Voc=5V, low=—2mA 3 tv 
OH 


P3y~PS7(Note 9 )(Note!0) Voo=3V, low=—0.7mA 








“H” output voltage Xour Vecr=3V. lou=—0. 3mA 2 — | 
cc 93V, lon=—V. 


Voc=5V, loL=1 .5mA 


“L” output voltage Xout Ven=3V. In, =0.3mA 
co™9V, lol =U. 


Vr+—Vr— | Hysteresis INT;, CNTR 
, ; When used as Vec=5V 
Vr+—Vr— | Hysteresis P3, 


7 “L" output voltage POy~P07, P1g~P17, P29~P2; Vec=5V, loc =10mA 
oe : P39~P3,(Notel0), CNTR | Voc=3V, lo. =3mA 
: | 












‘ Vec=5V 
Hysteresis P29~P27, P32 





_ 
Hysteresis RESET 


Vec=3V 





Vec=5V 
Vi+—Vr— | Hysteresis Xin es | 





“L” input current P49~P47 (except reset state) 
|P0g~P07, P1o~P17, P29~P27, P39~P37)} 
without pull-up Tr. 
- CNTR, INT;, RESET, Xin | . 







































Vr74+—Vr— | Hysteresis P3, . 


a BESO al 
Veo=3V aes es eee 

| | 

ae 











“L" input current {[POp~ PO, Pl9~P1 7; P29~ P27, P39~ P37)} Vec=5V, V,=0V —30 —70 
with pull-up Tr. Vec=3V, V,=0V —6 = 25 —45 





lh “L” input t P4o~P4; (at reset state) uel est each Dd =30 | —140 
Input Curren “ re Ss 


“H” input current P4>~P4, (except reset state) 
POo~ P07, P1o~P1z, P29~P2z, 
P39~ P37, CNTR, INT, RESET, 
XIN 


Voc=5V 
Vi=5V 

Voo=3V 

Vi=3V 

Voc=5V, Vis=5V, Vi=5V 
Veo=3V, Vis=3V, Vi=3V 































li “H” input current P49~P4; (at reset state) 


Output impedance COMyp~COM3 
Output impedance SEGo~SEGa3 


Vir=Vec/3 
Vi2e=2Vi1, 
Vis=Vec 

Other COM, SEG 
pins are opend. 


(Xin) =4MHz, Voc=5V 









































Supply current 


Output pin are opend. 
(at operation) 


RESET, PQo~P0,, 
P1g~P17, P29~P27, 
and P3)>~P3, are 
conected to Vcc 
Except the above pins 


Ta=25C 
.XtIn=0V 
{(Xcin) =32. 8kHz 
at low power mode 
-(LMg=1) 















(Xin) =4MHz, Vec=5V 




















{(y) =1MH2, Voo=3V eet SO le peed 


very || 
vee || “ 





















Supply current are conected to Vgg. 
However, Xin and Xcin 
are input signal according 


to the conditions. 


(at wait state) 


loc Supply current 


VrRamM RAM retention voltage 






at low power mode 
(LMg=1) Vec=3V 


f( Xin) =0 | Ta=25 a 
f(Xcin) =0 ; 

Vec=5V Ta=/0C 
f(Xin) =0, f (Xcin) =O 














Note 9, Except when the output type of P3,; is N-channel open drain (mask option). 
10 If P39 is used aS Xcourt, Capability of load driving is lower than the above. 


mA 
f(Xin)=1 MHz, Vec=3V | 0.4 Es 
XA=0V Voc 5V ‘ 20 60 
(Xcin) =32. 8kHz MA 
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EXTENDED OPERATING TEMPERATURE VERSION of M50930-XXXFP 


TIMING REQUIREMENTS , Re ee a we a 7 
Memory expanding mode and microprocessor mode (Vcc=5V+10%, Vss= 0 V, Ta=—40~85C, unless otherwise noted) 


Symbol Parameter Test conditions 





tsy (P2D—¢) | Port P2 input setup time 


tsy (P3D—¢) | Port P3 input setup time ; a 








tsy (P4D—¢) | Port P4 input setup time 


INT;, INT: External clock input pulse width 


| RESET External clock input pulse width (Note 1 ) 





th (¢—-P2D) | Port P2 input hold time 
th (¢—P3D) | Port P3 input hold time 


External clock input cycle time (P3;/Xcin pin, Xcin) 
two 
tro 








twee | External clock input pulse width (P3,/Xcin pin, Xcin) 
tee External clock rising edge time (P3;/Xcin pin, Xcin) 


External clock falling edge time (P3;/Xcin pin, Xcin) 





Note 1 : Hold RESET to “L” level while eight or more rise pulse are input from Xi. 


SWITCHING CHARACTERISTICS. | 7 . 
Memory expanding mode and microprocessor mode (Vcc=5V+10%, Vss=0V, Ta=25°C, unless otherwise noted) 


tq (¢—PO0A) | Port PO address output delay time . 
tq (¢—P1A) | Port P1 address output delay time 
tq (¢—-P2Q)| Port P2 address output delay time 
tq(¢-P2QF)| Port P2 address output delay time 
ta(¢ 
tq (¢—- 


R/WF R/W signal output delay time 


tq (¢-SYNC)| SYNC signal output delay time 
tq (¢—P3Q)] Port P3 data output delay time 


) 
—R/W)| R/W signal output delay time 
) 





Fig.1 Port PO, P1, P2, P38, SYNC (Xour) test circuit 
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TIMING DIAGRAMS 


In memory expanding mode and microprocessor mode 


Port Pi, output 
(9) 


Port PO output 


Port Plo~P1s5 
output 


Port P2 output 


Port P2 input 


Port P17 output (R/W) 


Xout output 
(at setting to SYNC output) 


Port P3 output 


Port P3 input 


Port P4 input 


teyc 


iN 


Uf 
ZAIN 

| 

. 


td(¢-poa) 


x 
NZ 


td(opra) 


\7 


td(¢-p2Q) td(¢-P2aF) 


tsu(p2D-¢) 





thi ¢-p2p) 


td(¢-r/w) td(éR/wr) 


YO KT 


>, ee Pees > 


td(¢-p3q) 
EM ee eal ee ad 
Pp fy 
th(¢-p3p) 
tsu(pap-¢) , 


th(¢-paD) 
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INT, INT input 
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EXTENDED OPERATING TEMPERATURE VERSION of MS0O930-XXXFP 


RESET input 


Xin input foxy) 


P3,/Xoin input 
(at using Xcin) 
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DESCRIPTION 

The M50740-PGYS is an EPROM mounted-type micro- 
computer employing a silicon gate CMOS process and was 
designed for developing programs for single-chip 8-bit 
“microcomputers M50740A-XXXSP and M50741-XXXSP. The 
M50740-PGYS, being housed in a piggyback-type 52 pin 
shrink DIP, is compatible with the M50740A-XXXSP/ 
M50741-XXXSP. : | 

There is a 28 pin socket on the top surface so that the 
M5L2732K or the M5L2764K EPROM may be used. 

The M50740-PGYS simplifies the development of programs 
for the M50740A-XXXSP/M50741-XXXSP and is excellent 
. for making prototypes. 


PIN. CONFIGURATION (TOP VIEW) 





I/O port P2 


1/O port PO 


Clock input 


Xoutr — 


Clock output f 
it Xouts + 


Outline 52S1M 
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PIGGYBACK for M50740A-XXXSP,M50741-XXXSP 


an ee aa 
28-pin socket for EPROM 


A 


_ M50740-PGYS 


MITSUBISHI MICROCOMPUTER 


-M50740-PGYS 








DISTINCTIVE FEATURES 

@ Differences with the M50740A-XXXSP/M50741-XXXSP 
are: -. | 

(1) ROMless, EPROM is attached externally | 

(2) Suitable EPROM is the M5L2732K or the M5L2764K. | 


APPLICATION 
Development of programs for VCR, tuners and audio equip- : 
ment. ! 






Vec 
NC 

+ 3, 
Vec 49} > P3, 
48] +> P3, 

Veco @ + P3, 
Voc 46] +> -P3, 


> P3, 

ne 44] <> P3, 
Ay @) | + P3, 
+ Pi, 
41] <> P1, 
[40] ++ Pt, 
+ P15 
> Pt, 
+ PI; 
+ Pig 









I/O port P3 








1/O port P1 


— RESET oyr Reset output 
— CE Chipenable . 

— R/W Read/write output 
> ¢ Timing output 

_— Ro 
+ R; 
+ Ro 


1/0 port R - 





The symbol “©” indicates sockets for EPROM. 
NC: NoConnection. 
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PIN DESCRIPTION — 






’ Functions 







Voc Supply voltage | Power supply inputs 5V+5% to Vcc, and OV to Vgs. : _ 
Vss | 


Reset input To enter the reset state, the reset input pin must be kept at a “L” for more than 2us (under normal Vcc 
conditions). If more time is needed for the crystal oscillator to stabilize, this “L” condition should be main- 
tained for the required time. 


7 


_ a 


Xoutr Clock output ’ “ Output 













This chip has an internal clock generating circuit. . ; 

To control generating frequency, an external RC circuit is connected between the Xin and Xouts or the 
ire pins, and an external ceramic or a quartz crystal oscillator is connected between the Xiy and Xourts 
pins. If an external clock is used, the clock source shold be connected to the Xiy pin, and the ‘Xoyts and 
Xoutr pins should be left open. . 








This is output pin from internal clock generating circuit. The generating frequency can be controlled by 
connecting a RC circuit, a ceramic or a quartz crystal oscillator between this pin and Xin pin. 










This is output pin from internal clock generating circuit. The generating frequency can be controlled by 
connectting a RC circuit between this pin and Xjy pin. | ; 





pe Timing output | Output This is the timing output pin.: 
1/0 


CNTR Timer |/O or interrupt 
input 


Interrupt input Input This is the lowest order interrupt input pin. - 


PO o~PO; | I/O port PO 
P19~P17 | 1/0 port P1 Port P1 is an 8-bit I/O port and has basically the same functions as port PO. , 
P29~P27 | I/O port P2 Port P2 is an 8-bit I/O port and has basically the same functions as port PO. 

1/0 


a 


Pp 
R 
R 

















This is in common with an I/O for the timer X and an interrupt input pin. 


Port PO is an 8-bit I/O port with directional registers allowing each I/O bit to be individually programmed as 
input or output. At reset, this port is set to input mode. The output structure is N-channel open drain. 












Port P3 is an 8-bit 1/0 port and has basically the same functions as port PO, but the output structure is P- 
channel open drain. 

















Port R is a 4-bit I/O port, and is used to connect with an I/O expander. For M50740A-XXXSP, it can be only 
for input. 


fe) 
) 
Read/Write output | } ouput | This pin outputs read/write signal for |/O expander. — 
Chip enable output Output This pin outputs the chip enable signal for |/O expander. 
RESETour | Reset output. — Output This pin outputs the reset signal for 1/O expander. | . 
Output port A Output Port A is for output addresses to an EPROM mounted on the top of the package. 
' Do ; ; 






~D, Input port D _ Input Port D is for input data from an EPROM mounted on the top of the package 
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EXPLANATION OF FUNCTION BLOCK ~ - MEMORY 


OPERATION | The memory map is shown in Figure 1. Instead of an inter- 
The differences between the M50740A-XXXSP/M50741- nal ROM, an EPROM is mounted. The address of EPROM ~ 
XXXSP are explained below. As all other points are the is 0100,, to 1FFF,., having 7936 bytes. Other than this, the 
same, only the differences are explained. M50740A-XXXSP/M50741-XXXSP have the same functions. 


Note that the area of the ROM will change depending on 
the memory capacity of the EPROM. 


Decimal 


0000 ,, 
RAM 
(96 bytes) 







/ 00E0 16 

/ 00E1 16 
a OOE2 t6 
O0E3 t6 

O0E4 16 

OOE5 16 

OO0E6 i6 

OOE7 i6 

OOE8 ic 
OOES i¢ 

OOEA i¢ 


Port PO 
PoreO agewe 





Port P1 
Port Pt Susie™ 
Port P2 
Port P2 fagisir 





Zero page 






Port P3 


directional 
Port P3 register 











fee ere! 

ae OOF} sd 

External ROM : O0F7 1, feo 

(7936 bytes) | \ iat : 
Special \ 

page for pos : OOF9 46 

on areas 5 NT ooFAs[timert 

_ ASstess Timer2 \ gorB ef Timer? | 

— TimerX =, O0FDie 

Address H CNTR \ OOFE tc 


16 





Fig.1 Memory map 
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PROCESSOR MODE 


External memory area differs from the M50740A-XXXSP/ 
M50741-XXXSP only in the memory expanding mode of the 
processor mode. Figure 2 shows the external memory area 
when the M50740-PGYS is in the memory expanding mode. 





PRECAUTION FOR USE 


(1) 


Because of the loading of the EPROM, the external 
dimensions differ from those of the M50740A-XXXSP/ 
M50741-XXXSP, being 19.0X50.8mm.. Lower. pin 
measurements are the same. | 





All other processor modes are identical to those of the _ (2) When developing programs with the M50740-PGYS, 
M50740A-XXXSP/M50741-XXXSP. carefully consider the ROM capacity of the M50740A- 
XXXSP/M50741-XXXSP. 
In the case of the M50740A-XXXSP, use the ROM area 
from 1400, to 1FFFi¢ of the M50740-PGYS. (For the 
M5L2732K use from 04001, to OFFF 4.) . 
In the case of the M50741-XXXSP, use the ROM area 
~ from 1000,5 to 1FFF,. of the M50740-PGYS. (For the 
M5L2732K use from 0000;5 toOFFFig¢.) 
(3) The M50740-PGYS has no options as the M50740A- — 
XXXSP. 
External EPROM For the Ms0740- PGYS, port R is set the mpmiroulpa 
port. 
| «W/O expander | «W/O expander 
‘Internal RAM 
Hatching indicates external memory area. 
Fig.2 Memory map in memory expanding mode 
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ABSOLUTE MAXIMUM RATINGS 


Input voltage, Ro~R3, CNVss, RESET, Xin, Do~D7 
Input voltage, P39~P37 , 
Vo 











| Unit | 





(2 te 


Input voltage, INT, POg~P07, Plo~P1z, 
DE oeeeg fee | —0.3~13 
P2y~P2;, CNTR . 
With respect to Vss pin. 





Output voltage, Ro~Rs . 


| 
Output volt P3,~P3,. X XK $ Output transistor off. ; 
ulput vo age, as ’ ’ fe a) : 
o~F27, Xoutr, Aouts rer : 
R/W, CE, RESETour, Ao~A12 | 







ra) 
Output voltage, POg~P07, Plo~Pl7, P25~P27, 
Vo p g 0 7 0 7 0 7 —0.3~13 
CNTR . 


[Pa_| Power dissipation ——SSs=C~*~“*~*~*~S~*~dC QE 1000 
Operating temperate fo ee ee 


RECOMMENDED OPERATING CONDITIONS (ta = —10~70C, Vcc = 5V+5%, unless otherwise noted) 


[Wes |Suopivvotase ——SSs=~C=“‘“‘SCS*™*™*™*~*~srCAS:*Y ssp | 
ves | Sunpyvotage ——SSCSC~C~“~S*~*~“—~*~—~s~“SC‘“SSS SC 


“H” input voltage, POg~ P07, Plo~Pl7, P29~P27, 
p g 0 ies 0 7 0 | 7 0. 8Vcc 12 
CNTR, INT 


“H" input voltage, RESET 0. 48Voc Ves 
“H” input voltage, Xin [0.8Vcc| | Voc 
“H” input voltage, Do~ D7 ADs fee a 
“L” input voltage, POg~P07, Plo~Pl7, P29~P2,, 
P3g~P37, Ro~R3, CNVss 


‘L input voltage, CNTR, INT 0} |O2vccf Vv 
Vit “L” input voltage, RESET Sa ee ae 


—40~125 






































Vcc 
Vss - 
Vin 


< 








fx i Internal clock oscillating frequency | | 4 Mz 





Note 1 : “H” input voltage of up to 12V is permissible for ports PO, P1 and P2 as well as CNTR and INT. 


ELECTRICAL CHARACTERISTICS (Vec = 5V+5%, Vss = OV, fouy) = AMHz, unless otherwise noted) 


. Limits 

Voc = 5V, Ta = 25 , 
Vou “H” output voltage, P39~P37 . 
lou = —10mA 


“H” output voltage, ¢, R/W, CE, RESETour, Voc = 5V, Ta = 25C 
Ao™ Ay2 lon = —2.5mA 

“L” output voltage, POg~ P07, Plo~P17, P29~P2z, Voc = 5V, Ta = 25C 
Ro~R3, CNTR lo. = 10mA 

“L” output voltage, ¢, R/W, CE, RESETourt, Voc = 5V, Ta = 25 
Ao~Ai2- lo. = 5mA 

Veo = 5V, Tg = 25 

Veco = 5V, Tg = 25 

| Veo = SV, Ta = 25 

Input leak current, POg~P07, Plo~Pl7, P29>~P27, Voc = 5V, Tg = 25C 
INT, CNTR , 0<v,<12V 

Input leak current, P39~P37, Ro~Rs, Voc = 5V, Tg = 25C - 

CNVss, RESET, Xin, Do~Dy __|o<sws5v 

Veco = 5V, Tg = 25C 
Connect P39~ P37 to Vcc, open the output 











Vou 





VoL 









































Supply current 


pin, and connect the input pin and input/ 








output pin, other than P39~P37, to Vgs. 
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DESCRIPTION 

The M50742-PGYS is an EPROM mounted-type micro- 
computer employing a silicon gate CMOS process and was 
designed for developing programs for single-chip, 8-bit 
microcomputers §M50742-XXXSP/M50708-XXXSP. _—— The 
M50742-PGYS, being housed in a piggyback-type 64-pin 
shrink DIP, is compatible with the M50742-XXXSP/M50708- 
XXXSP. | 

There is a 28-pin socket on the upper surface so that the 
M5L2764K or the M5L27128K EPROM may be used. 

The M50742-PGYS simplifies the development of programs 
for the M50742-XXXSP/M50708-XXXSP and is excellent for 
making prototypes. 


PIN CONFIGURATION (TOP VIEW) 





28-pin socket for EPROM 


Output port P6 


Cc: 


PIGGYBACK for MS0742-XXXSP; MS0708-XXXSP 


MITSUBISHI MICROCOMPUTERS 


-M50742-PGYS 


DISTINCTIVE FEATURES 

@ Differences with the M50742-XXXSP/M50708-XXXSP 
are: 7 : | 

(1) -ROMless, EPROM is attached externally | 

(2) Suitable EPROM is the M5L2764K or the M5L27128K. 


APPLICATION 


Development of programs for VCR, tuners, and audio 
equipment. . | a 


I/O port P4 


eee 
ra Vo Vec @8). | 


Rone 
| O* 
| @ Ag 
| © as 
Oa 
1, DAs 
|@ ar 
'@ A, 
| ® ry: 
OB} 
‘© 0, 
| © & 


I/O port P2 


P3,/Srpy 
P36/CLK +> 
P35/Sour ** 
P34/Sin > 
P33/CNTR > 
P3./INT> 


1/O port P3 


interrupt input INT, > 
CNVss 
Reset input RESET — 
Clock input 
Clock output 
Timing output 


Vec @ 1 
As @ | 
| 


nee 
Ao @ 


I/O port PO 


: 


Vss @ | 
| Ao ® | 
Vss ©) | 
 @ | 
2 ® | 
Ds @ | 


Ds © | 


I/O port P14 


Input port P5 


-M50742-PGYS 


Outline 64S1M 





The symbol “©” indicates sockets for EPROM. 
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PIN | DESCRIPTION 


Functions 


Supply voltage Power supply inputs 5V+5% to Vcc, and OV to Vss. 


Reset input To enter the reset state, the reset input pin must be kept at a “L" for more than 2s (under normal Vcc 
conditions). If more time is needed for the crystal oscillator to stabilize, this “L" condition should be main- 
tained for the required time. 

me Clock input This chip has an internal clock generating circuit. To control generating frequency, an external ceramic or a 
quartz crystal oscillator is connected between the Xi and Xouyr pins. If an external clock is used, the clock 

Clock output source should be connected the Xiy pin and the Xour pin should be left open. 

ra Timing output This is the timing output pin. 

CNTR Timer I/O I/O This is an I/O pin for the timer X. 

a Interrupt input Input This is the highest order interrupt input pin. 


1/O port PO Port PO is an 8-bit |/O port with directional registers allowing each |/O bit to be individually programmed as 
input or output. At reset, this port is set to input mode. 














The output structure is N-channel open drain. 


1o~P17 | I/O port P1 Port P1 is an 8-bit |/O port and has basically the same functions as port PO. 
2o™~P27 | I/O port P2 Pa Port P2 is an 8-bit |/O port and has basically the same functions as port PO. 


I/O port P3 1/0 Port P3 is an 8-bit |/O port and has basically the same functions as port PO. When serial I/O is used, P37, 
P3., P35, and P34 work as Sarpy. CLK, Sour, and Sin pins, respectively. 
Also P33 and P32 work as CNTR pin and the lowest order interrupt input pin ana: respectively. 











P49~~ P47 | I/O port P4 Port P4 is an 8-bit 1/O port and has basically the same functions as port PO, but the output structure is P- 
channel open drain. 








P5o~P57 | Input port P5 Input Port P5 is an 8-bit input port. 





P69~P67 | Output port P6 Output Port P6 is an 8-bit output port. The output structure is N-channel open drain. 











Ao~Ai3- Output port A Output Port A is for addresses to an EPROM mounted on the top of the package. 


Input port D Input Port D is for input data from an EPROM mounted on the top of the package. 
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EXPLANATION OF FUNCTION BLOCK MEMORY a 

OPERATION | . The memory map is shown in Figure 1. Instead of an inter- 
The differences between the M50742-PGYS and the — nal ROM, an EPROM is mounted. The address of EPROM 
M50742-XXXSP/M50708-XXXSP are explained below. As is E000,, to FFFF1., having 8K bytes. Other than this, the 
all other points are the same, only the differences are ex- M50742-PGYS has the same functions as the M50742- 
plained. : XXXSP/M50708-XXXSP have. | 


Decimal 


| 7” 00E0s6 | Port PO | 

Pane | —O0E146 | Port PO fagistor = 
(128 bytes) 00E2,6 | pont PI 

O0E3;5 | Port P1 foSigtes 


O00E4,., } Port P2 
Not used | O0ES,¢ | Port P2 Fursction™! 
QOE6,, 


O0E7i¢ 
3 O0E8,¢ | Port P3 


00E9,, | Port P3 directional 
OOEA6 | Port P4 
OOEB;¢ | Port P4 directional 
OOECi¢ | Port P5 
-QOEDi5 
OOEE;, | Port Pé 


| OOEF 16 

| O0F0;¢ 
OOF 116 

OOF 216 

| 00F3,¢ 


Zero page 


OOF 446 
OOF 546 
OOFE 46 


External ROM 
(8K bytes} 


OOF7 i, Serial 1/O register 


Special OOFE 16 


page for OOF9,, | Timer 1,2 prescaler 


an a INT, |) OOF Aye | Timer 7 
S I/O or timer 2 ' OOFB,5 | Timer 2 

Timer 1 \ OOFCig | Timer X prescaler 

INT, ' OOFE,, jInterrupt control regi 

RESET \ OOFF,,¢ | Timer control register 


() 
oO 
oe 
2 
~~ 
x O 
s 
(s} 
Qa. 
© 
. bom] 
: 19) 
aQ : 
wo 
[ mad 
4°) 
a zs 


= 
@ 

= 
n 
- 
@ 
= 





65535 





Fig.1 Memory map 
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PROCESSOR MODE PRECAUTION FOR USE 

External memory area differs from the M50742-XXXSP/ (1) When developing programs with the M50742-PGYS 
M50708-XXXSP only in the memory expanding mode of the use the ROM area from F000,, to FFFFig as the capac- 
processor mode. Figure 2 shows the external memory area ity of the M50742-XXXSP/M50708-XXXSP ROM is 4k 
when the M50742-PGYS is in the memory expanding mode. bytes. 

All other processor modes are identical to those of the (In the case of the M5L2764K and the M5L27128K use 
M50742-XXXSP/M50708-XXXSP. the areas from 1000,, to 1FFFi_. and from 3000,¢ to 


3FFFi.¢, respectively. ) 
_ (2) The M50742-PGYS has no options as the M50742 
XXXSP/M50708-XXXSP. 


External EPROM 


\< 


Timers, Port P3, etc. 


Internal RAM 


Hatching indicates external memory area. 





-Fig.2 Memory map in memory expanding mode 


ABSOLUTE MAXIMUM RATINGS 


2 SO 
: v 
Input voltage RESET, Xin, Do~D7 V 


=0.3=11 | 


Wir, Input voltage CNVggs ~—-0.3~13 fo ov | 
Vo Output voltage P49~P4z, Xout; g, Ag™Ai3 , —0. 3~Voct0. i ae 


Vcc 

Vi 

V; 

Vi 

Vi 

Vo 

Output voltage PQ 9~P07, P19p~P17, P29~P2 
Vo p g lo 7 0 7 0 7 —0.3~11 V 
: P39~ P37, P69~ P67 ' Dies _ * 






Symbol 


















Input voltage P4 9~P4;7 
Input voltage PO o~P07, P1 o~ P17, P29~P27 
P2o~P3,, P§y~ P57, INT; 




















| With respect to Vss pin. 
Output transistor off. 


< 






- 










Power dissipation i000 
: =10~70 
=40~125 





Topr Operating temperature 









Storage temperature 
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RECOMMENDED OPERATING CONDITIONS (Ta = —10~70, Voc = 5V+5%, unless otherwise noted) 


Limits 
Parameter 





Supply voltage 





Supply voltage 

“H” input voltage PQo~PO7, Plp~P17, P2>~P2; 
P89~P37, P4g~P47, P59~P57 
INT;, RESET, Xv, CNVss__ 

“H” input voltage Do~D7 

“L’ input voltage PO9~P07, Plo~P17, P29~P27 
P39~ P37, P4o~P47, P5o~P57 
INTs, CNVsgs 

i Meat voltage RESET 

“L" input voltage “Xin 

















“L" input voltage Do~D7 
“L” peak output current POo~P07, Plo~P17 
P29~ P27, P389~P37 
P6y~P6, 
“L" average output current POo~P07, P1p~P17 
P29~P27, P38p~P37 
P6y~ P67 
(Note 1) 
lou(peak)| “H” peak output current P4p~P4z, 








lot(avg) 





lon(ava) | “H” average output current P49~P47, (Note 1 ) 











foxy) Internal clock oscillating frequency 


Note -1 : The average values of output currents lo. (avg), lon(avg) are the average values taken over a 
period of 100ms. 
2: Ports PO, P1, P2, P3, P5, and INT, can be input with high- -level voltages up to 9V. 


ELECTRICAL CHARACTERISTICS (Voc = 5V, Vsg = OV, Ta = 25°, fix) = 4MHz, unless otherwise noted) 


HYon output voltage P4o9~P47 lon = —10mA 
Vea eH output voltage ¢, Ap~Aj3 lon = —2.5mA 


“L” output voltage PQo~ P07, Pio~P17 _ 
VoL P2 ‘o™~ P27, pele! lon = 10mA 
6o~ P67 


a a 
ie oleae? 
re —Ven [Hysteresis Xy —SSSCSC~C“‘“‘S*~“s*‘“*‘“‘id ST 
ees 
30~ P37, P5p~P57, P6g~ P67 
fe on 
P39~P37, P5o~P57, P69~P67 
Vie 


“H” input current P49~P47 V, = 5V Pe 
= 7 


“H” input current INT;, RESET, Xin, Do~D7 


Limits 
Typ 














O;O;oO 
GW |W |W Ww} o 


=) 
Ww 


oO 
on 
io) 
N 
< 












Supply current 





are open; input and input/output pins other 
than P4)~P4, are connected to Vss. 


Note 3 : Limit the sum lo-(peak) Of ports PO, P1, P2, P3, and P6 to less than 80mA. 
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DESCRIPTION 

The M50743-PGYS is an EPROM mounted-type micro- 
| computer employing a silicon gate CMOS process and was 
designed for developing programs for single-chip, 8-bit 


microcomputer M50743-XXXSP.:The M50743-PGYS, being © 


housed in a piggyback-type 64-pin shrink DIP, is compati- 
ble with the M50743-XXXSP. 


There is a 28-pin socket on the upper surface so that the © 


M5L2764K or the M5L27128K EPROM may be used. 

The M50743-PGYS simplifies the development of programs 
for the M50743-XXXSP and is excellent for making pro- 
totypes. 


PIN CONFIGURATION (TOP VIEW) 





DISTINCTIVE FEATURES 

®@ Differences with the M50743-XXXSP are: 

(1) ROMless, EPROM is attached externally 

(2) Suitable EPROM is the M5L2764K or the M5L27128K. 


APPLICATION 


Development of programs for VCR, tuners, and audio 


equipment. 


Voc 1 as P25 
P67 — ++ P2, 
P6,+-([3] ++ P2 

ee 7] 28-pin socket for EPROM =F : 

— _ 
s P23! 170 port P2 
Output port P6 icp eel +> P24) 

i P63 — [6] [3] + p2, 
P6,-7} Ci" ~ Tt [58] +> P2, 
p6, [a] 'Y Vee Veo @ | 57) ++ P2, 
P6y + [3 1@ Ai2 Vec @) | 56] +> PO, 
P4, _> 10] ++ PO 
A 1 
P4, +> [1] | y Ars @ | 54] + PO, 

fae Th Ae ce B= POs! ig port PO 

port P 
1/0 port pa }P44** LS Om As @) | B2l ++ PO. 
P43 > | +> PO; 
P42 +* [15] he As An @ | 50] ++ PO, 
P4, a 16] ; 2) Az Vss @2) | 149) a PO, 
P4o+> | 48] +> P1, 
P37/Srpy + [18] | A Aro @) > PI, 
P36/CLK + [ia] '© a, Ves @1 (+ Pte 
P35/Sout og | + PI, 

55 ; * P3,/Sin Pee 9 Ao D; 44] +> PI, 1/O port P1 

or 

P P33/CNTR ++ @ Do De | + Pls 
P32/INT2 ++ [23] | “Pile 


P3, + |@ Dy 
P3q <> |® D, 

Interrupt input 26 
p p INT, eae 26] 1 Vss 


Ds O1 at] +> Pt, 


a] — P5 
dD; @! 


CNVss ee ae = P5> 
Reset input RESET > tere ees — P5, fnpurpeaes | a 4 | 
Clock input = Xin — P5, , , 4 
Clock output Xout — P5; | 
Timing output = -° g+ M50743-PGYS — P5,¢ 





D. @ | 327 


+ P5, 


Outline 64S1M 


The symbol “©” indicates sockets for EPROM. 
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PIN DESCRIPTION 














~ < | Input/ ; 
Pin . Name Phe P . Functions 
Output 

Voc Supply voltage Power supply inputs 5V+5% to Vcc, and OV to Vss. 

Vss | | | | 

CNVss CNVss , This is usually connected to Vgs: er , 

RESET Reset input re I Input To enter the reset state, the reset input pin must be kept at a “L” for more than 2us (under normal Voc 
conditions). If more time is needed for the crystal oscillator to stabilize, this “L” condition should be main- 
tained for the required time. 

Clock input Input This chip has an internal clock generating circuit. To contro! generating frequency, an external ceramic or a 
quartz crystal oscillator is connected between the Xiy and Xour pins. If an external clock is used, the clock 
Clock. output Output source should be connected the Xin pin and the Xour pin should be left open. \ 






















Timing output This is the timing output pin. 


CNTR Timer I/O This is an output pin for the timer X. 
/O 


c z 
4 


INT, , Interrupt input This is the highest order interrupt input pin. 


2 





























Do~D, Input port D 


POg~FPO7 | I/O port PO : | Port PO is an 8-bit |/O port with directional registers allowing each I/O bit to be individually programmed as, 
input or output. At reset, this port is set to input mode. | 
The output structure is CMOS output. 

P19~~P17 | I/O port P1 | Port P1 is an 8-bit I/O port and has basically the same functions as port PO. 

P29~P27 | I/O port P2 : — 1/0 Port P2 is an 8-bit |/O port and has basically the same functions as port PO. 

P39~P37 | I/O port P3 I/O Port P3 is an 8-bit I/O port and has basically the same functions as port PO. When serial I/O is used, P3v, 

; P36, P35, and P34 work as Srpy, CLK, Sour, and Six pins, respectively. 

Also P33 and P32 work as CNTR pin and the lowest order order interrupt input pin (INT2) , respectively? 

P49~ P47 | I/O port P4 _ 1/0 Port P4 is an 8-bit I/O port and has basically the same functions as port PO. 

P59~™~P57 | Input port P5 Port PS is an 8-bit input port. 

P69™~P6,7 | Output port P6 Output Port P6 is an 8-bit output port. The output structure is CMOS output. 

Ao™Ai3 Output port A / output Port A outputs to the address of the EPROM mounted on top of the package. 





Port D inputs from the address of the EPROM mounted on top of the package. ; 
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EXPLANATION OF FUNCTION BLOCK MEMORY 

OPERATION The memory map is shown in Figure 1. Instead of an inter- 

The differences between the M50743-PGYS and the nal ROM, an EPROM is mounted. The address of EPROM 

M50743-XXXSP are explained below. As all other points is EQ00,, to FFFFi.¢, having 8k bytes. Other than this, the 

are the same, only the differences are explained. M50743-PGYS has: the same functions as the M50743- 
XXXSP has. " 


Decimal ab ve 


- = 


Port PO Directional 


Not used 


‘;0000;, 





7 D0E0%6 
/ O0OE116 
7, 00E2,, 

/ 00E3¢ 
— 00E44, 

ra - Q0ESi¢ 
/ | 00E6 4, 
O0E74¢ 
00E8,, 
00E9:. 
\ O0EAi. 
: Q0EBi. 
O0EC i, 

O0ED,, 
: OOEE,, 
\ 7 OOEF 1, 
O0F0i¢ 
ae OOF 1,4 
OOF 216 
: 00F31, 
: 00F 41, 
\ O0F5i¢ 
5 O0F61, 
\ OOF7i¢ 

\ + QOFBi¢ 
\ 00F94, 
INT2 \ OOFAig 
SWV/Oortimer2 OOF Big 


Timer 1 \ QOFC,, | Timer X prescaler 
\ 


INT, a OOFE,, | !nterrupt control register | 
RESET - \ OOFFig Timer control register 
65535 : 






RAM 
(128 bytes) 


Port P1 Dicctional 
Port P2 
Port P2 Directional 


Port P3 
Port P32 2ircionel 
Port P4 
Port P4 register 


007Fi¢ 






Zero page 





00E04, 






OOFF 16 











Port P6 
E0001, 


FFO0%6 | 


External ROM 
Cae ae | 
Timer 1, 2 prescaler 


Special 

page for 

subroutine FFF 416 
call 






Address L 
Address H 
Address L 
Address H 
Address L 
Address H 
Address L 
Address. H 


Address L 
Address H 
Address L 
Address H 


Serial I/O mode register 
Serial 1/O register 







FFFFi¢ 





Fig.1 Memory map 
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PROCESSOR MODE 
External memory area differs from the M50743- XXXSP only 
in the: memory expanding mode of the processor mode. 
Figure 2 shows the external memory area when the 
M50743-PGYS is in the memory expanding mode. All other 
processor modes are identical to those of the M50743- 
XXXSP. 


External EPROM 


Timers, | Timers, port P3 | \ 


Internal RAM 


- Hatching indicates external memory area. 


Fig.2 Memory map in memory expanding mode 


ABSOLUTE MAXIMUM RATINGS 









Supply voltage 


vie Input voltage, RESET, Xin, INT, P5p~P5z, Do~Dr 
Input voltage, POg~P07, Plo~P17, P29~P27 = 
P39~P37, P4g~P47 
Output voltage, POg~P07, Plo~ P17, P29~P27, P3p~P37 
mie leases P6o~P67, Xout, 9, Ao™Ai3 - 












Vv 


ie) 








Tstg Storage temperature 











With respect to Vss 
With the output transistor isolated. 


1000 oo 
Topr | Operating temperature ae GSC, 





PRECAUTION FOR USE | 

When developing programs with the M50743- PGYS, care- 
fully consider the ROM capacity of the M50743-XXXSP. __ 
In the case of the M50743-XXXSP, use the ROM area from 
FOQ001,¢ to FFFF 46. 

(In the case of the M5L2764K and the M5L27128K use the 
areas from 1000;, to 1FFFig and from 3000;, to SFFFi.¢, 
respectively.) 


—0. 3~Voct0. 3 


=o 3-13 













—40~125 
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RECOMMENDED OPERATING CONDITIONS (vcc=5v+5%, Ta = —10~70T unless otherwise noted) 









| 
Symbol Parameter Unit 
jsymot | rameter 


[Ves | Suppiyvotage——OSSC“‘“‘*~*SsSC“~*~“~*~s~SCSC*‘“‘“_CONCSCd 


“H” input voltage, POg~P07, Plo~Pi7, P29>~P27 
P39~ P37, P49~P4, P59~ P57 
INT,, RESET, Xin, CNVsg 


“L” input voltage, POg~P07, Plo~P1l7, P29~P27 
ViL P39~ P37, P4g~P47, P5o~P57 0.2Vcc V 
INT;, CNVss 
“L” input voltage, RESET 0. 12Vccl Vi | 
“L” input voltage, Xin 
“L” input voltage, Do~ D7 


“L” peak output current POg~P07, Plo~Pl7 
P29~P27, P39~P37 
P4o~P47, P6g~P67 
“L” average output current POg~P07, Plo~Pl7 
P29~P27, P39~P37 
P4y~P47, P6y~P67 
(Note 1) 
“H” peak output current POg~P07, Plo~Pl7 
P29~P27, P3o~ P37 
P49~P47, P69~P67 
“H” average output current POg~P07, Plo~Pl7 
P29~P27, P39~P37 
P4p~P47, P6p~P67 
(Note 1) 
Internal clock oscillating frequency 









Vin 









































lovcavg) 





























lon(avg) 


Note 1 : The average output currents lo.(avg) and lon(avg) are the average value of a period of 100ms. 
‘2 : Do not allow the combined current of the fllowing ports to exceed stated values. 
lo.(peak) of PO, Pl, P2, P3, P4 and P6 not to exceed 80mA. lon(peak) Of P2 not to exceed 50mA. 
















lou(peak) of PO and P1 not to exceed 30mA. lon(peak) Of P3, P4 and P6 not to exceed 30mA. 


ELECTRICAL CHARACTERISTICS (ta = 25. Voc = 5V, Ves = OV, foxy) = 8MHz, unles 


Parameter Test conditions 


“H” output voltage, POg~P07, Plo~P17, P29~P27 
“H” output voltage, ¢, Ag~Ai3 lon = —2.5mA 
“L” output voltage, PQg~ P07, Plp~Pz, P29~ P27 low = 10mA 
P39~P37, P4o~P47, P6y~P67 


“L” output voltage, ¢, Ao~A13 lo. = SmA 


Hysteresis, P33 When used as CNTR input 


“L” input current POg~P07, Plo~P17, P2o~P27 
P39~P37, P4o~P47, P5o~P5y ° 
Me P6)~P67, INT;, RESET, Xin 
Do~Dy 








s otherwise noted) 


Min. Typ. Max. 








< |<| < 














“H” input current POg~P07, Plo~Pl7, P29~-P27 
P39~ P37, P49 ~P47, P5g~P57 
P69~P6, INT;, RESET, Xin 
Do~ D7 


Output pins opened, input and input/output 
Supply current 








pins at Vsg and a square wave input at Xin. 
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DESCRIPTION | 

The M50745-PGYS is an EPROM mounted-type micro- 
computer employing a silicon gate CMOS process and was 
designed for developing programs for single-chip, 8-bit 
microcomputer M50745-XXXSP. The M50745-PGYS, being 


DISTINCTIVE FEATURES 
@ Differences with the M50745-XXXSP are: 
- (1) ROMless, EPROM is attached externally , 
(2) Suitable EPROM is the M5L2764K or the M5L27128K. 


housed in a piggyback-type 64-pin shrink DIP, is compati- APPLICATION 

ble with the M50745-XXXSP. | Development of programs for VCR, tuners, and audio 
There is a 28-pin socket on the upper surface so that the equipment. 

M5L2764K or the M5L27128K EPROM may be used. | 

The M50745-PGYS simplifies the development of programs 

for the M50745-XXXSP and is excellent for making pro- 

totypes. | | , : 


PIN CONFIGURATION (TOP VIEW) 


1/0 port P4 P4; 


28-pin socket for EPROM 1/O port P4 


P2 
I/O port P2 


fe 
‘ON. SS Vee 


1/0 port P2 


P37/ Sarpy - 
P3./ CLK + 
P35/ Sout ** 


I/O port P3 


Timer input/output 


Interrupt input 


Reset input 
Clock input 
Clock output 
Timing output 


P3,/ Sin oa 


P33 — 
P32 -~ 
P3, + 
P38, ++ 
CNTR >. 
INT, _ 
INT, —> 


— CNVsg 


RESET — 
Xin —> 
Xour 


g— 


[ore 
eae 
1) Ag 
|® As 


'@B a, 
lo As 


Jon 
1® Ai 
fore 
| ® De 
'@ D, 
bc 


1 @ Vss_ 
L 


Voc @) | . 


Ais @ | 
“ 
ds @| 


An ®| 


I/O port PO 


Vss @! 


Avo @ | 
Vss © | 
> @| 
© 
Ds ©, 
Ds @| 


Reset output RESEToyt — 
. Vss 


4—18 


M50745-PGYS 





Outline 64S1M 
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I/O port P1 


Input port P5 


The symbol “©” indicates sockets for EPROM. 
NC: No connection. 
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PIN DESCRIPTION 










Functions 


Voc Supply voltage Power supply inputs 5V+5% to Vcc, and OV to Vgsg. 


Vss 


To enter the reset state, the reset input pin must be kept at a “L” for more than 2us (under normal Vcc 
conditions). lf more time is needed for the crystal oscillator to stabilize, this “L” condition should be main- 

| tained for the required time. | 
} 6 | timing output Output This is the timing output pin. | 


POo~PO7 | I/O port PO 


P1p~P17 | I/O port P1 
P29~P27 | I/O port P2 Port P2 is an 8-bit I/O port and has basically the same functions as port PO. 


2 * 
PS 0 port P3 
1/0 Port P4 is an 8-bit |/O port and has basically the same functions as port PO, but the output structure is P- 
channel open drain. 


[rari [ies | won [rawewemimion 
Frets [owns | ow [attest tater mieten 
fae [mine | tot [reoimunantnneiervnnetoneatnenmne 





This chip has an internal clock generating circuit. To control generating frequency, an external ceramic or a 
quartz crystal oscillator is connected between the Xin and Xour pins. If an external clock is used, the clock 
source should be connected the Xx pin and the Xour pin should be left open. . 
































This is the lowest order interrupt input pin. 







Port PO is an 8-bit I/O port with directional registers allowing each I/O bit to be individually programmed as 
input or output. At reset, this port is set to input mode. 








The output structure is N-channel open drain. 


Port P1 is an 8-bit I/O port and has basically the same functions as port PO. 





Port P3 is an 8-bit 1/O port and has basically the same functions as port PO. When serial I/O is used, P37, 
P3., P35, and P34, work as Srpy, CLK, Sout, and Siw pins, respectively. 























1/O port P4 
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EXPLANATION OF FUNCTION BLOCK MEMORY 

OPERATION The memory map is shown in Figure 1. Instead of an inter- 
The differences between the M50745-PGYS and the nal ROM, an EPROM is mounted. The address of EPROM 
M50745-XXXSP are explained below. As all other points is E000,, to FFFFi¢, having 8K bytes. Other than this, the 
are the same;‘only the differences are explained. M50745-PGYS has the same functions as the M50745- 


XXXSP has. 


Decimal | 
/” Q0EO;¢| Port PO 
00E1,5 | Port PO Brazzers 
OOE2,,{ Port P1 
Q0E3;¢| Port Pt rogister™ 
O0E416| Port P2 | 
Not used _ OOE516| Port P2 Directional 
00E6 46 
-O0E7i6 
00E8,, | Port P3 
O0EQ46 | Port P3 Ritectional 
OOEA,.¢| Port P4 
OOEB,¢| Port P4 Directional 
OOEC 6} Port P5 
O0ED;, 
OOEE 1, 
OOEF i, 
O0F0,, 
O0F 116 
O0F 246 
O0F31¢ 
00F 446 
OOF 516 
OOF6, | Serial I/O mode register 
O0F746 | Serial 1/O register 
OOF 8,5 


RAM 
(192 bytes) 


Zero page 


External ROM 
(8K bytes) 


Special 


page for a OOF9,6 | Timer 1, 2 prescaler 


adaress F | S/Oortimer2' — OOFBye| Timer 2 


Timer 1 \ OOFCi. Timer X prescaler 
\ . 
Timer X | OOFDs9| Timer X 
. INT; OOFE;¢ | Interrupt control register 
Address L ——_____ : ; 
RESET \ OOFF,, | Timer control register 
Address H 65535. ; 1 








Fig.1 Memory map 
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PROCESSOR MODE a PRECAUTION FOR USE | 

External memory area differs from the M50745-XXXSP only © (1) When developing programs with the M50745-PGYS, - 
in the memory expanding mode of the processor mode. carefully consider the ROM capacity of the M50745- 
Figure 2 shows the external memory area when the XXXSP. : 
M50745-PGYS is in the memory expanding mode. All other In the case of the M50745-XXXSP, use the ROM area 
processor modes are identical to those of the M50745- from E800,, to FFFF4.. 

XXXSP. | _ (In the case of the M5L2764K and the M5L27128K use | 


the areas from 0800,, to 1FFFi, and from 2800;, to 
3FFF,.¢, respectively.) | | 

(2) The M50745-PGYS has no options as the M50745- 
XXXSP. 


External EPROM 


\ \ 


~ Timers, port P3, etc. — 
Ports PO~P2 


— 


Internal RAM 


Hatching indicates external memory area. 





Fig.2 Memory map in memory expanding mode 


ABSOLUTE MAXIMUM RATINGS : | a 


Supply voltage 


Input voltage, RESET, Xi, Do~Dz 


Input voltage, P49 ~P47 


Input voltage, P09~P07, Plo~Pl7, P29~P27 














[___Raiags | unt 
es a 


V 
O37 V 
“=, O~Voect0. 3 V 


V 


































P39~P37, P5p~P57, CNTR, INT, INTo, With respect to Vss 
CNVsg 

Output voltage, P4g~P47, Xour, ¢ RESETour, Ao~A13 

Output voltage, POgp~P07, Plo~Pl7, P29~P27, P39~P37 


CNTR . 


| Pa Power dissipation Ta = 25C 
Topr Operating temperature 


Voc 
Vi 
Vv, 
V; 
With the ottput transistor isolated. 
Vo ; 
Vo 
Storage temperature 





—0.3~Vect0. 3 . 


=0:3<13 | 
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: RECOMMENDED OPERATING CONDITIONS (Vec=5V15%, Ta = —10~70T ee Sinai noted) 










Parameter 














“H” input voltage, POo~ P07, Plo~P17, P29~P27, 
--. P39~P37, P4g~P47, P5p~ P57, 
CNTR, INT;, INT2, RESET, Xin, 
CNVss 
“H” input voltage, Do~D7 , 
; “L" input voltage, POg~P07, Plo~P17, P2o>~P2z, . 
P39~P37, P4p~P47, P5p~P57, 
CNTR, INT}, INT2,-CNVss 


| __ 
Vie “L” input voltage, Do~ D7 . [ . D.15Vel =O 


Note 1 : A high-level input voltage of up to +12V may be applied to ports PO, P1, P2, P3, P5, CNTR,. INT, 
and INT>. ; 






Vin 
















ELECTRICAL CHARACTERISTICS (Ta = 25, Voc = 5V, Vss = OV, re = 4MHz, unless otherwise noted) 


Symbol Parameter _ Test conditions 
Vou | 


I Wee. = “H” output voltage, P49 ~P47 low = —10mA 
“H” output voltage, ¢, RESETour, Ao~A13 

“L” output voltage, POg~ P07, Plo~P17, P2o~P2;, 
Vor 


P39~P37, CNTR 
a Bad output voltage, ¢, RESEToyt, Ao™~A13 


| 


“L” input current POg~P07, Plo~Pl7,; P29~P27, 
P3y~P37, P5p~P5y 
“L” input current P4g~P4, 
“L” input current CNTR, INT;, INT2, RESET, 
Xin, Do~D7 
“H” input current POo~P07, Plo~P17, P29~P27, 
P3p~P37, PSp~P5y - 
“H” input current P49>~P47 . 
“H” input current CNTR, INT, INT2, RESET, 
Xin, Do~D7 


Oo = 
Ww] w] 2 


ure 


ol 


oO 


S PEL OR kr IRI] . 
bis [sp ° sie « 


So 
on 
oO om} oa jolN}|— nm} 


P4) ~~ P47 at Voc, output pins opened, and 


Supply current input and input/output pins other than P4)~ 
P4, at Vss. 


2 
w | Ww 


Me: 
> 
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DESCRIPTION DISTINCTIVE FEATURES | 
The M50752-PGYS is an EPROM mounted-type micro- @ Differences with the M50752-XXXSP/M50757-XXXSP 
computer employing a silicon gate CMOS process and was are: 


designed for developing programs for single-chip, 8-bit (1) ROMless, EPROM is attached externally. 
microcomputers §M50757-XXXSP/M50752-XXXSP. _—- The (2) Suitable EPROM is the M5L2732K or the M5L2764K. 
M50752-PGYS, being housed in a piggyback-type 52-pin 


shrink DIP, is compatible with the M50752-XXXSP. APPLICATION | 
There is a 28-pin socket on the upper surface so that the © Development of programs for VCR, tuners, . and audio 
M5L2732K or the M5L2764K EPROM may be used. equipment. | 


The M50752-PGYS simplifies the development of programs 
for the M50757-XXXSP/M50752-XXXSP and is excellent for: 
making prototypes. 


PIN CONFIGURATION (TOP VIEW) 


































P2, + 
i \ Vcc 
P2, + 
P2. —- —_ P39 
P2, P3, 
1/O port P2 ey ae P3, 
B2a (8 P33 1/0 port P3 
P2, ata P3, 
P25 - 8 + P35 
NC P35 
PO, + P23; 
PO, mer Plo 
PO; aoe P1, 
1/O port PO- so aa Pl 
PO; + Pls § 170 port Pt 
PO, ++ +o Pia 
PO, <> = Pls 
; PO, -_ - P1, 
Timer output and interrupt input INT, + +> P1, 
Interrupt input INT; > — Vp Pull-down voltage input 
NC @ D, Ds @) | — ¢ Timing output 
CNVss . t ae Ro 
Reset input RESET — | © Dz | me ®| erry in | 
put port R 
Clock input Xin i Vss Ds @1 —R, | - 
Xoutr + jl Ses a gtd — Rg 
Clock output 
Peer ee — Xcour Clock output for timer X 
Vss M50752-PGYS 27}*- Xcin Clock input for timer X 









Outline 52S1M 


The symbol “©” indicates socket for EPROM. 
NC: No connection. 
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PIN DESCRIPTION 


Input/ 


Functions 
Output 


Supply voltage _ Power supply inputs 5V+10% to Vcc, and OV to Vsgs. 











CNVss | This is usually connected to Vss. 





Pull-down voltage This is the input voltage pin for the pull-down transistor of ports P1, P3, P2g and P27. 








Reset input To enter the reset state, the reset input pin must be kept at a “L” for more than 2us (under normal Ves 
conditions). If more time is needed for the crystal oscillator to stabilize, this “L” condition should be main- 
tained for the required time. 





Clock input _ | This chip has an internal clock generating circuit. To control generating frequency, a resistor is connected 
between the Xin and Xouts or the Xourr pins. If an external clock is used, the clock source should be con- 
nected to the Xiy pin and the Xouts and Xoutr Bins should be left open. 


Xouts Clock output Output This is output pin from internal clock generating circuit. The generating frequency can be controlled by 
connecting a resistor between this pin and Xjyq pin. 


XoutF Clock output Output This is output pin from internal clock generating circuit. The ay genetating frequency can be controlled by 
connecting a resistor between this pin and Xjy pin. 


fe | Timing output Output | This is the timing output pin. 


Clock 1/O for timer X Input These are |/O pins of the clock oscillating circuit for the timer X. To contro! generating frequency, an exter- 
[+ nal ceramic or a quartz crystal oscillator is connected between the Xcinpin and Xcour pin. 
Output | 














This is the lowest order interrupt input pin: 


Time output or This is in common with an output for the time X and an interrupt input pin. 
interrupt input . 


Input port R Port R is a 4-bit input-port. 


1/0 port PO ( Port PO is an 8-bit I/O port with directional registers allowing each I/O bit to be individually programmed as 
input or output. At reset, this port is set to input mode. . 





The output structure is N-channel open drain. 





Output port P1 Output Port P1 is an 8-bit output port. 
The output structure is P-channel open drain. 


1/0 port P2 1/O Port P2 is an 8-bit |/O port and has basically the same functions as port PO. For P2, and P27 pins, output 


structure is P-channel open drain, and a pull-down transistor is built in between the Vp pin. 





Output port P3 Output Port P3 is an 8-bit output port and has basically the same functions as port P1. 








Output port A Output Port A outputs the address of the EPROM loaded on the top side of the package. 








Input port D ; Port D takes the input data from the EPROM loaded on the top side of the package. 
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EXPLANATION OF FUNCTION BLOCK MEMORY 

OPERATION | The memory map is shown in Figure 1. Instead of an inter- 

The differences between the M50752-PGYS and the nal ROM, an EPROM is mounted. The address of EPROM 

M50757-XXXSP/M50752-XXXSP_ are explained below. As is 0100,, to 1FFFy., having 7936 bytes. Other than this, the 

all other points are the same, only the differences are ex- M50752-PGYS has the same functions as the M50752- 

plained. : XXXSP has. Actually, ROM area depends on EPROM 
capacity. 


7 43 0 bi 
J 00DF 16 PotR | | 
B O00E0,., | Port PO 
y 00E146 Port PO directional 


register 


/ 00E2,, }Port P1 
ie 00E3;, 


Decimal 


00004. 


RAM 
(128 bytes) 


4 00E4,,|PortP2 - 
/ O0E5,, | Port P2 directional 


register 


Zero page 


a 00646 
O0E7 46 
00E8;, | Port P3 
00E9;, 
\ | OOEAi, 
\ 00EBi, 
5 00EC i, 
OOEDi¢ 

: OOEE;, 
\ OOEF 1. 
00F04¢ 
We OOF 14, 
00F21¢ 
00F31¢ 
00F 44, 
\ O0F51¢ 
\ 00F61¢ 
00F71¢ 


, 


External ROM 












(7936 bytes) Subroutine : | OOF 8i¢ 
Special \ OOF9,, | Timer 1 and 2 prescaler 
page FF 446 Address L Tres : 
for Address H INT, . A OOFAi¢ 
subroutine cles: : Timer 2 : OOFBi, 
call Address L 


Address H Timer 1 \ OOFC,,| Timer X prescaler 
\ . . 
Timer X OF] Timer X 
ee ) \ QOFE,,] Interrupt contro! register 
“ imer control register 
t terr,,L-__Address __| 8191 RESET _OOFF g 








Fig.1 Memory map 
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PROCESSOR: MODE 


External memory area differs from the M50757-XXXSP/ 


M50752-XXXSP only in the memory expanding mode of the 
processor mode. Figure 2 shows the external memory area 


when the M50752-PGYS is in the memory expanding mode., 





PRECAUTION FOR USE 


(1) 


Because of the loading of the EPROM, the external 
dimensions differ from those of the M50757-XXXSP/ 
M50752-XXXSP, being 19.0 X 50.8mm. Lower pin 
measurements are the same. 





All other processor modes are identical to those of the (2) When developing programs with the M50752-PGYS, 

M50757-XXXSP/M50752-XXXSP. | carefully consider the ROM capacity of the M50757- - 
XXXSP/M50752-XXXSP. - 
In the case of the poo nnnaey use the ROM area 
from 1400;, to 1FFFi6.. 
(In the case of the M5L2732K use the areas from 
040016 to OF FF 46. ) . 
In the case of the M50752-XXXSP, use the ROM area - 
from 1000,;, to 1FFF4.. 
(In the. case of the M5L2732K use the areas from 

External EPROM 0000,, to OFFF4¢.) 
| Ports, PO~P2 and R 
Internal RAM 
0000;, 
Hatching indicates external. memory area. 
Fig.2 Memory map in memory expanding mode 
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ABSOLUTE MAXIMUM RATINGS 


[Veo | Sippivotege SSS 
[Ve | Supplyvotage —Sss—C=~“~*~*~*~*~*~*~*S 
Vi | tnput vattage RoR, GNVss, RESET, Xn, Kew, Do~Dy 
Me Input voltage INT;, INT2, POg~P07, P29>~P25 Measured using Vsg as Standaard. _ 
ae Output voltage Xoutr, Xours, Xcout, % Ao™A12 Output transistor is interrupted. — 
[Vo | Output vottage INTs, Plo~POr, P2a~P2s 
ENet 2 
Sree 
| Topr__| 












HE 


<|< 











< 


Output voltage P1p~P17, P3y~P37, P2s, P27 
a 
[eta [ge empresas 





RECOMMENDED OPERATING CONDITIONS ep et = —10~70T and Vec=5V+5% unless otherwise noted) 


Sas acon SP SE 
Mee | Sioned 
cv epee 
P Mig I “H” Input voltage Ro~R3 /0.4Vcc} id 
[es re pttag BE 
| Vin | “H” Input voltage CNVss, Xin, Xoin /0.8Veo| |v 
| Vin | “H” Input voltage INTs, INT2, P0p>~PO7, P2>~P2s MD BVcer |? - bo M 
| Vin | aes 
Mies = fo 
ies | fo. 
PA S| |) | 
| Y— erie fi: 

| 














“H” Input voltage Do~D7 

FLT nput votaye FR Nw ¥on Yi 

[air nput votage RESET SSS 

“L" Input voltage CNVss, INT, INTa, PQy~POr, P2ur~P2s Oy 
irtnputvetags De=Dr TO 

| foxy | Internal clock oscillating frequency | 


Voc=5V, Ta=25 
Output voltage P19p~P17, P39~P37, P26, P27 
log=—12mA ° 
Vec=5V, Tg=25°C 
lon= —2. 5mA 


Output voltage, ¢, Ao~Atr2 


Output voltage INT2, POp~ P07, P29~P2s5 ; 
loLp=10mA 


Vec=5V, Ta=25C 
lo. = 5mA 
Hysteresis INT;, INT2 Vec=5V, Ta=25CT 
Hysteresis RESET Vec™=5V, Tag=25C 
Vec=5V, Ta=25C 
0SV/S5V - 
Voc=5V, Ta=25°C 
0SV,/S5V 
Vec=5V, Ta=25C 
Voco—33VSViSVec 


7 
Vec=4V, Ta=25C 
loc Supply current P2, and P27 are Vcc, output pins are left open 


Input and !/O pins except P2. and P27 are Vss 


Output voltage ¢, Ag~Ai2 











Input leak current PO~P3, CNVss, RESET, Xin, Xcin 





Input current INT;, INT2, Do~D7, POp~PO07, P29~P2s5 








Input leak current P19 ~P17, P89~P37, P2., P27 
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DESCRIPTION | | | 
_ The M50753-PGYS is an EPROM mounted-type micro- 
computer employing a silicon gate CMOS process and was 


designed for developing programs for single-chip, 8-bit 


microcomputers M50753-XXXSP. The M50753-PGYS, being 
housed in a piggyback- type 64-pin shrink DIP, is oon 
ble with the M50753-XXXSP. 

There is a 28-pin socket on the upper surface so that the 
M5L2764K or the M5L27128K EPROM may be used. 


The M50753-PGYS simplifies the development of programs © 


for the M50753-XXXSP and is excellent for making pro- 
totypes. 


PIN CONFIGURATION (TOP VIEW) 


AVss 


~ Input portIN | |NQ— 


DISTINCTIVE FEATURES 

@ Differences with the M50753-XXXSP are: 

(1) ROMless, EPROM is attached externally | | 

(2) Suitable EPROM is the M5L2764K or the M5L27128K. 


APPLICATION | 


Development of programs for VCR, tuners, and audio 


equipment. 


' 28-pin socket for EPROM 


oe 
To Voc ji Vec 


1® Av 
|® A; 
1@ Ag. 
l® As 
_ 


1/O port P2 


P3./CLK ++ [ie] | @ As 

P35/Sour > | @ 6) A> 
P3,4/Sin <> 

P33 ~ ® A; 

le @® Ao 

| ® dp 

bi ,® Dy 

INT, > 

INTs > ® dD, 

CNVss 


Reset input RESET — 
Clock input - 


1/O port P3 


Interrupt input 


Clock output Xour 
Timing signal output = .¢ + 
Reset output RESEToyt + 


Input port IN 


Veco @ | 
Aig @| 
As e| 
®@, I/O port PO 
®| 
Vss 2) | 
his @ | 
Vss @ | 


D, @ 1/O port P1 
De 


I/O port P4: 


Timing output . 


Vss 'M50753-PGYS 


Outline 64S1M ~ 


The symbol “©” indicates sockets for EPROM. 
NC: No connection. . 
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‘U0 
z 
s, 
m 
a) 
2) 
2 
"UO 
4 
Oo 
z 


inal 
Output 


Functions 


Power supply inputs 5V+5% to Vcc, and OV to Vss. 


This is usually connected to Vss. 


To enter the reset state, the reset input pin must be kept at a wu" for more than 2us (under normal Voc 
conditions). lf more time is needed for the crystal oscillator to stabilize, this “L” condition should be main- 
tained for the required time. 


ve Supply voltage 


_ : 


Oo™PO7 | I/O port PO 


to~P17 | I/O port P1 
207~ P27 | I/O port P2 











This chip has an internal clock generating circuit. To control generating frequency, an external ceramic ora 
quartz crystal oscillator is connected between the Xjy and Xour pins. If an external clock is used, the clock 


source should be connected to the Xiy pin and the Xour pin should be left open. 


Port PO is an 8-bit I/O port with directional registers allowing each I/O bit to be individually programmed as 











input or output. At reset, this port is set to input mode. 
The output structure is N-channel open drain. 


Port P1 is an 8- bit 1/O port and has basically the same functions as port PO. 
Port P2 is an 8-bit 1/0 port and has basically the same functions as port PO. 


Port P3 is an B-bit I/O port and has basically the same functions as port PO. When serial |/O is used, P3,, 


3o0~P3,7 | 1/0 port P3_ 
P3,, P35, and P3, work as Sepy, CLK, Sout, and Sy pins, respectively. 
4o~P4, | I/O port P4 Port P4 is an 4-bit 1/O port and ues basically the same functions as port PO. 


5o~ P57 | Input port P5 Input Port P5 is an 8-bit input port. 
PWM output 


O~IN7 | Analog input port IN 








This is output pin from the pulse width modulator. - 
The output structure is N-channel open drain. 


This pin outputs the reset signal for peripheral devices. 
This is an 8-bit analog input port for the A-D converter, and can be used as normal input port. 


This is the reference voltage input pin the for the A-D converter. 


This is the power supply input pin for the A-D converter. . . 





‘Reference voltage 


VREF 
_input 


AVcc Voltage input for A-D 





‘> 
i 
oN 


Voltage input for A-D This is GND input pin for the A-D or D-A converter. 


if 
w 





Ao™Ai3 Output port A Output Port A carries the output address to the EPROM loaded on the top side of the package. 
Port D takes the input data from the EPROM loaded on the top side of the package. 


Do~D,7 Input port D 
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EXPLANATION OF FUNCTION BLOCK MEMORY ; | 

OPERATION | , The memory map is shown in Figure 1. Instead of an inter- 

The differences between the M50753-PGYS and the nal ROM, an EPROM is mounted. The address of EPROM 

M50753-XXXSP are explained below. As all. other points is EQ00,, to FFFFi.g, having 8K bytes. Other than this, the 

are the same, only the differences are explained. . M50753-PGYS has the same functions as the M50753- 
XXXSP has. 


| Decimal 
F 7 
/ O0E0,, 
RAM O0E14, Port PO fagmten 
(192 bytes) 00E2;, | 
00E3,, |Port P1 fusctiona! 
OOE4i6 | Port P2 
‘Not used 


00E5,, | Port P2 directional 
Not used 


Zero page 


as) uU 
e) re) 
— pad 
vU vU 
= ro) 


register 

QOE6,, 
O0E7;¢ 
00E8,, | Port P3 

Q0E9;, [Port P3 register 
OOEA,, |PortP4 
OOEBis {Port P4 register 
O0ECi6. 
OOEDi6 
OOEE,, |!N register — 
OOEF,, | A-D register 
OOFO1, 
OOF 14, 
O0F2;¢ | A-D start address 

- 00F3;¢ | A-D control register 
OOF 4,, 
OOF5,, | PWM control register 


O0F6,, | Serial 1/0 mode register 
_ OOF7,,6 | Serial I/O register 
OOF8,, 


External ROM 
(8K bytes) 


— Special - a OOF9,, | Timer 1,2 prescaler 
ae INT. OOFAig | Timer 1 
- subroutine SI/O or timer 2 : OOFB,, | Timer 2 
oa" Timer1orA-D \  OOFCi, | Timer X prescaler 
Timer X ; OOFDig| Timer X — 
INT, A OOFE:. Interrupt control register 


Address L a It ; 
Addiess Hi RESET : OOFF,, | Timer control register 


65535 








-Fig.1 Memory map 
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PROCESSOR MODE 

External memory area differs from the M50753-XXXSP only 
in the memory expanding mode of the processor mode. 
Figure 2 shows the external memory area when the 
M50753-PGYS is in the memory expanding mode. All other 
processor modes are identical to those of the M50753- 
XXXSP. 


External EPROM 


\ \ 


Timers, Port P3, P4, etc. 
Ports PO~P2 


___ 


Internal RAM 


000016 
Hatching indicates external memory area. 


Fig.2 Memory map in memory expanding mode 


ABSOLUTE MAXIMUM RATINGS 


Supply voltage 

Input voltage RESET, Xj, Do~D7 

Input voltage INo~IN7 

Input voltage POg~P07, P1p~P17, P29~P27, P39~P37 
P49~P43, CNTR, INT}, INT2, CNVsg 

Output voltage Xour, , 2¢, RESETour, Ao~Ai3 

Output voltage PQg~P07, Plp~P17, P29~P27 

P3p~P37, P4o~P43, CNTR, PWM 


Topr Operating temperature a 


Tstq  |.Storage temperature 


‘MITSUBISHI | | aes 





Measured using Vss as base. 
Output transistor is interrupted. 


PRECAUTION FOR USE 

(1) When developing programs with the M50753-PGYS, 
carefully consider the ROM capacity of the M50753- 
XXXSP. a | 
In the case of the M50753-XXXSP, use the ROM area 
from E800;, to FFFF 46. 
(In the case of the M5L2764K and the M5L27128K use 
the areas from 0800, to 1FFFig and from 2800;¢ to 
3FFFi¢, respectively.) 


(2) The M50753-PGYS has no options as the M50753- 


XXXSP. 


—0. 3~Vect0. 3 


. —0.3~13 


==) 3~Vect0 3 


=O, 35-/ V 
=U: 3-7 V 


=0: 3-13 


mw 
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RECOMMENDED OPERATING CONDITIONS (vcc=5v+5% and Ta = —10~70°C unless otherwise noted) 


Vac 


Supply voltage ae 


| Vss\___| Supply voltage 


“H” Input voltage P0g~P07, P1o~P17, P29~P27 
| P39~P37, P49~P4g, INo~IN7 
CNTR, INT;, INT2 ahi 

7 RESET, Xi, CNVsg 


RN 2) “H” Input voltage Do~D7 


“L” Input voltage POg~P07, Pig ~P17, P29 ~P27 



















































é feiss ull ‘E Input voltage RESET 


“L” Input voltage Xin 
“L” Input voltage Do~ D7 


fix.) Internal clock oscillating frequency 


Note 1 : “H” input voltage for ports Po, P;, Pz, Ps, P, and CNTR, INT, and INT» is up to 12V. 


Vss’ 

Vin 

Vin . 
Vit 

Vir : 
Vit 

Vir 


P39~ P37, P49~ P43, INo~!INz 
CNTR INT), INTo, CNVss 





ELECTRICAL CHARACTERISTICS (Voc=5V, Vss=OV, Ta = 25C and foxy =4MHz unless otherwise noted) 


fv [Mower momectcem [ecm 
VoL lop =10mA 
P39~P37, CNTR, P49~P43, PWM 
VrenVen [HyateesieRESET——SCSSCSC~“~S*sSSCSC“‘“‘CNSCOC“‘CSNSCONCS 
“L” input current POg~P07, P1g~P17, P29~P27 
P39~P37, P4p~P43, PWM . 

“L” input current CNTR, INT;, INT2 

\ RESET, Xiw, Do~D7 | 
“H” input current POg~PO07, P1p~P17, P29~P27 

| P39~P37, P4o~P43, PWM 


he 
Sim | | 
“H” input current INo~IN7 . V\=5V (when not selected) 


Limits 
Typ 





Unit 







= 
» 
x 


Nn oy o [on 
g 
> 






onk®) 


0. 


— 


© 
on 





g 










> 


on 






“| OR = 


° 
Soy 
> 


“H” input current CNTR, INT}, INTo 
RESET, Xin 
The output pin is left open, PO, P1, P2, P3 
and P4 are connected to Vcc and all other 













3 
> 











Supply current 







input and {/O pins are connected to Vss. 


2 


aa 


A-D supply current mA 


5 :S 
| > > 











lacc 


During A/D converter operation 
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A-D CONVERTER CHARACTERISTICS (Vec=AVcc=5V, Vss=AVss=0V, Ta=25C and fix,,)=4MHz unless otherwise noted) 


Resolution 


= Absolute accuracy Vec=AVcc=Vrer=)5. 12V 









Test conditions 












aes. 2 Analog input voltage 
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DESCRIPTION 

The M50931-PGYS is an. EPROM mounted-type micro- 
computer which utilizes CMOS technology, and is designed 
for developing programs for single-chip, 8-bit microcompu- 


PIGGYBACK for M50930-XXXFP .M50931-XXXFP ,M50932-XXXF P 


ters M50930-XXXFP, M50931-XXXFP and the M50932- » 


XXXFP. It is housed in a piggyback-type 80-pin QFP. 

There is a 32-pin socket on the package. 

The M50931-PGYS simplifies the development of programs 
for the M50930-XXXFP, M50931-XXXFP, and the M50932- 
XXXFP and is excellent for making prototypes. 
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DISTINCTIVE FEATURES 

@ Diffierence with the M50930-XXXFP, M50931-XXXFP 
and the M50932-XXXFP are: | 
ROMless, EPROM is attached externally. 


APPLICATION | 
Development of programs for office automation equipment, 
VCR, tuner, audio-visual equipment, and telephone 


64 | Ba P49/SEGo4 
+> P4,/SEGos 
+> P4,/SEGo¢ 
++ P4,/SEGo7 
+> P4,/SEGog 
> P4e/SEGog 
+> P4./SEGap 
+> P4,/SEGs, 
+> PO, 
+> PO, 

+ PO, 
+> PO; 
<> PO, - 
+ PO, 
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+> PO, 
> Pl, 
+ PI, 
> Pl, 
+ Pl, 
+ Pi, 
+ Pi, 
- Pl, 


Outline 80S6M 


The symbol “©” indicates sockets for EPROM. 
NC: No connection. 
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PIN DESCRIPTION 


X 


* 











Input/ 


: Functions 
Output 





Supply voltage 









Power supply inputs 5V+5% to Vcc, and OV to Vgs. 


This is usually connected to Vss. 


Input To enter the reset state, the reset input pin must be kept at a “L” for more than 2us (under normal Vcc 
conditions). If more time is needed for the crystal oscillator to stabilize, this “L” condition should be main- 


tained for the required time. 























These are I/O pins of internal clock generating circuit for main clock. To control generating frequency, an 
external ceramic or a quartz crystal oscillator is connected between the Xj and Xour pins. If an external 
clock is used, the clock source should be connected the Xiy pin and the Xour pin should be left open. 


Clock input Input 
Clock output | Output 






Interrupt input Input This is the highest order interrupt input pin. 


Cc 
I 
Oo~PO- | 1/0 port PO 
4 





Port PO is an 8-bit I/O port with directional registers allowing each I/O bit to be individually programmed as 
input or output. At reset, this port is set to input mode. 
The output structure is CMOS output. 


oO Port P1 is an 8-bit 1/O port and has basically the same functions as port PO. 








V 
R 
P 
P 
P 
P Port P3 is an 8-bit 1/O port and has basically the same functions as port PO. When serial I/O is used, P3;, 


P3.5, PSs, and P34 work as Srapy, CLK, Sour, and Sin pins, respectively. Also P33, P32, P3;, and P39 work as 
timer 3 overflow signal divided by 2 output pin (T), INT2 pin, Xcin and Xcour pins, respectively. 


_ 


Voltage input for LCD 
COMg Common output Output 
SEGg Segment output 
~SEGoa3 


CNTR Timer !/O 1/0 This is an output pin for the timer 4 and 5. 


Output port A Output These are for addresses to an EPROM mounted on the package. 
Do~ D7 Input port D 


1/0 
1/0 Port P4 is an 8-bit input port and can be used as segment output pins. 


These are voltage input pins for LCD. Supply voltage as OVSV.,1;SVi2oSVi3SVecc. O~ VisV is supplied to 
LCD. 


Input 
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1 
These are LCD common output pins. At 1/2 duty; COM2 and COMsz pins are not used. At 1/3 duty, COM3 
pin is not used. 


Output These are LCD segment output pins. 





Input 
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I/O port P2 “1/0 Port P2 is an 8-bit |/O port and has basically the same functions as port PO. 
3 f 
/ 
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These are for input data from the EPROM mounted on the package. 
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EXPLANATION OF FUNCTION BLOCK 
OPERATION | : 

The differences between the M50931-PGYS and the 
M50930-XXXFP, M50931-XXXFP and the M50932-XXXFP 


MEMORY | | 

The memory map is shown in Figure 1. The M50931-PGYS 
is mounted an EPROM instead of an internal ROM. The 
address of an EPROM is from 1000;¢ to 3FFF,.6, and this 


are noted below. The following explanations apply to the 
M50931-PGYS. Specification variations for other chips are 
noted accordingly. : | . 


memory size is 12288 bytes. The memory size of a RAM is 
_512 bytes as same as the M50931-XXXFP or the M50932- 
XXXFP has. 
Other than these, the M50931-PGYS: has the same func- 
tions as the M50930-XXXFP, M50931-XXXFP . or the 
M50932-XXXFP has. 


Decimal 

* 00E0;. 

RAM | “— 90E1,¢| Port PO 

(128 bytes) 00E2,,| Port P1 

00E3,¢| Port P1 

a 00E416| Port P2 

ae - OOESie{PortP2 4 
LCD ; 00E6 15 
(16 bytes) 00E74, 

00E8,,] Port P3 

00E9,.6| Port P3 

RAM . O0EA,,| Port P4 
(384 bytes) O0EB,. 
' OOEC, 
OOEDi¢ 
QOEE:. 
OOEF 16 
OOF0;, 
OOF 146 
OOF 216 
OOF 3i¢ 
00F 44 

OOF5,,] LCD mode register 

OOF6,.¢{ Serial I/O mode register 

OOF7,.¢| Serial I/O register 


directional 
. register 


directional 
register 


Zero Page 


irectional 
register 


directional 
register 


External ROM 


(12288 bytes) cL 
OOF8,6{ Timer 4,5 mode register 


OOF9i6 
OOFAi. 
OOFB,,| Timer 3 
OOFC,,| Timer 4 
OOFD,6]} Timer 5 


OOFE,,] Interrupt control register 


page Address L 
for Address H 


Special 


; ; Address L . \ 
subroutine Address H S$ 1/0 or Timer 3 , 
Call Address L : 
Address H Timer 2 
_.Address L ; 
Address H Timer 1 
Address L a 
Address H INT, 
Address L ee 
Address H_. RESET 


16383 


\ , 
\ OOFF,,} Timer control register 
\ 





Fig.) Memory map. 
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PROCESSOR MODE 

External memory area differs from the M50930-XXxXFP, 
M50931-XXXFP and the M50932-XXXFP in the memory ex- 
panding mode. And, external memory area differs from only 
the M50930-XXXFP in microprocessor mode. External 
memory map is shown in Figure 2. 


External 
EPROM 


Timers, Port P3, 
Internal RAM 
00E8;, 


00E0,, PB 


Data area for LCD 
00D0,, 


0080;. SSS 


Internal ROM 


LOS 


0000,, 


Memory expanding 
mode 


Microprocessor mode 


Hatching indicates external memory area 





Fig.2 Memory map in memory expanding mode and 
| microprocessor mode 


PRECAUTION FOR USE | 
(1) In case of the MBM27C64-20, the MBM27C64- 25, or 
the MBM27C128-25 EPROM use the following areas’ 
(refer to Figure 1): : 
@ For the M50930XXXFP and the M50931-XXXFP, usable. 
ROM area are 3000,5.~3FFFi,. 
MBM27C64-20, MBM27C64-25:: addresses 1000,5~1FFFi¢ 
MBM27C1 28-25 +--+ reese ssereeees addresses 3000,;,.~3FFFi, 
@® For the M50932-XXXFP, usable ROM area are 2000ig6~ 
SFFF 46. | 
MBM27C64-20, MBM27C64-25:- addresses 0000,¢~1FFFi¢ 
MBM27C1 28-25 «++ ores r rece esoeeeeess addresses 2000;,.~3FFF, 
(2) The M50931-PGYS has no options as the M50930- 
XXXFP, M50931-XXXFP and the M50932-XXXFP. The 
condition of ports PO~P3 and CNTR is noted below. 
PO~P3, CNTR <ssererrress sess without the pull-up transistor 
PSs Sip sit terete ae aoe N-channel open drain output — 
(3) The way of mounting an EPROM is shown in Figure 3. 
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Fig.3 How to mount an EPROM 
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ABSOLUTE MAXIMUM RATINGS 3 = | : 


Symbol Parameter . Unit 
Supply voltage for LCD Vii~Vt3 —0.3~Voct0. 3 ' 
7 





























P39™ P37, P4p~ P4,, Xin 


V 
Input voltage INT;, CNVss 


cc 
! 
Vi 
| rs 
Input voltage RESET, CNTR 
Vo 
Oo 
r 


Input voltage POo~P07, Plo~P17, P2o~P27 — 0.3~Vect0. 3 
—0.3~Vec 


—0.3~13 


== 0; 3~Voct+0. 3 


Output transistor are “off” 

















vo Output voltage P0p~P07, Plo~P17, P2p~P2 


P389~P37, COMop~COMs3, SEGo~SEG31 
Output voltage CNTR 
Operating temperature TS 10~70 
—40~125 


Xout 















RECOMMENDED OPERATING CONDITIONS (Veo=3. 0(Note 0)~5.5V, Vsg= OV, Ta=—10~70'C, unless otherwise noted) 


: 
Symbol Parameter Test conditions 
Min. Max. 
ae r ee f(Xiy) =4. 3MHz 4.5 
u voltage (Note 
cua | | (Xiu) =1. IMHz 3,0(Note 0) 


“H” input voltage POg~P07, Plp~P17 
P39, P3, (Note 2 ) 
P33~ P37 (Note 3 ), P4g~P47 
RESET, Xin, CNVsg 


“H” input voltage P29~P27, P32, P3g (Note 4 ) 
INT;, CNTR 


Voc 

Vss 

Vin 

“L" input voltage POg~P07, Plo~P17 
7 P39, P3;(Note2) — 
IL P33~P37 (Note 3 ), P49~P47 
: CNVss 

Vit 

Vin 

Vit 

lon 









Unit 








cn] on 
aig 


0. 7Vcc 





0.74Vec 


< 
) 
fo) 


0.3Vcc V 





“L” input voltage P29>~P27, P32, P3g (Note 4 ) 


meus . 26V 
INT;, CNTR 0. 26Vcc 


“L" input voltage RESET 


Va | “L” input voltage Xin 


“H” Output current PQg~P0;7, Plg~P17, P29~P27 
P39~P3;7 (Note 5 ), Xour 
“L” peak output current POg~P07, P19o~P17, P29~P27 
P39~P37, CNTR, Xour(Note 6 ) 
a a average output current POg~P07, P19~P17 
P29~P27, P39~P37 
CNTR, Xour(Note 7 ) 


f(Xin) Clock oscillating f (Note 8 ) Voc=4. 5~5. 5V 
IN ock oscillating frequency (Note . Nese 


f(Xcin) Clock oscillating frequency for clock function (Note 8 ) 


Note 0 Minimum value of Vcc is dependent on the EPROM used. At normal temperature, this value is about 2.7~2. 8V. Therefore, 3. 0V is dependent 
on the proper operation of the EPROM at that voltage. | 7: 
When only operating the RAM data retention, minimum value of Voc is 2V. 
When using port P3, as Xow, 0. 85S VecSVinS=Voc, 0 SVitS0. 15Vec for port P3;. 
In this case of using port P3, as normal input. 
In this case of using port P3, as CLK input. 
Especially when the input oscillation frequency is more than 50kHz, recommend the following : 
— 0. 8VecSVinSVec, 0 SVitS0. 2Vec 
5 The total of loy of port PO, P1, P2, P3 and Xoyr should be 35mA max. 
6 The total of lo. (peak) of port PO, P1, P2, P3 should be 55mA max, and the total of 
lot (peak) of port P38, CNTR, and Xoyr should be 45mA max. 
lo. (avg) is the average current in 100ms. | ; 
8 When changing the contents of the most significant bit at address O00F5i., 
f(Xin) needs the following range : f(Xin) >3f( Xow). 43 
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ELECTRICAL pHa ERIS (Vss=0V, Ta=—10~70C, unless otherwise noted) 


"H” output voltage ae Plo~P17, P29~P2z, Voc=5V, lox=—2mA 
P3p~P3,(Note 9 ), P3, P37 Voo=3V, lon=—0. 7mA 


Vec=5V, lon=—1.5mA 
“H” output voltage Xour Vec=3V, lou=—0. 3mA 
cc 1 OHV. 


“L” output voltage POp~P07, Plo~P17, P2o~P2; Veo=5V, lo=10mA | =o 


Limits 
Unit 











P3p~P37(Note 9 ), CNTR — loc= =3mA 

==. 
Veo™3V,le=0. 3A se a DE 
eye. bce maemo samen 
7 Voo=3V pois | | 7 | 
= te 
= ret 
= merase 
| Veo=8V | j——-| os | 

= a 

“L” input current P49~P47 (except reset state) Voc=5V 
{PO0g~P07, Plg~P17, P29~P27, P3p~P3z, V,=0V re 
IL | 














Tell: 














CNTR} without pull-up Tr. INT Vec=3V 
RESET, Xin V,=0V 
| | Voor BV, VisBV, ViF0V a ae 
“L” input current P49~P4; (at reset state) 
“H" input current P49~P4, (except reset state) Voc=5V 3 
~  PQ9~P07, Plo~P17, P29~P2z7, Vi=5V 
P39~P37, CNTR, INT;, RESET, Xin Voc=3V 
| | Voo=5V, Vis=5V, Vi=5V ayes 
“H” input current P49>~P4; (at reset state) 
Voo=3V, Vis=3V, Vi=3V are es ee 
| a Vis=Voo/S = Z000 
Room Output impedance COMp~COM3 Vice. 
‘ Van? Lt ao 4000 
i3s=Veoo 
PR Output impedance SEGo~SEG3; | Other COM, SEG 
pins are opend. 
(at wait state) 
CIN 


f(Xin) =4MHz, Vec=5V 
Supply current 
aoe Voo5V. see > ae See ee 


Voc=3V 
an < 
(Xin) = MHz, Vec=3V 
=0V 
‘Mon = 32, 8kHz 
RAM retention voltage (Xin) =0, f (Xen) = gen ft 


at low dies! mode 
Nek 9 If P39 is used as Xcour, capability of load driving is lower than the above. 








































Output pins are opend. 
RESET, POo~P0y, 
Plo~P1z, P29~P27, / 
and P39~P37 are 
conected to Vcc. 

Except the above pins 
are conected to Vgs. 
However, Xin and Xcin 
are input signal according 
to the conditions without 
supply current for EPROM. 


Supply current. 
(at operation) 






Ta=25C 
















fee fer fel" 


a vase a 
0kn)= 1M Vs eee a Aa 


at low power mode . 
ti pe 1" 























Supply current ee Cc 
1(Xcin)= 32, BkHz 
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DESCRIPTION 

The M50941-PGYS is:an EPROM mounted-type micro- 
computer employing a silicon gate CMOS process and was 
designed for developing programs for single-chip, 8-bit 
microcomputers §M50940-XXXSP/M50941-XXXSP.—- The 
M50941-PGYS, being housed in a piggyback-type 64-pin 
shrink DIP, is compatible with the M50940-XXXSP/M50941 - 
XXXSP. . 

There is a 28-pin socket on the upper surface so that the 
M5L2764K or the M5L27128K EPROM may be used. 

The M50941-PGYS simplifies the development of programs 
for the M50940-XXXSP/M50941-XXXSP and is excellent for 
making prototypes. 


PIN CONFIGURATION (TOP VIEW) 
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DISTINCTIVE FEATURES 
@ Differences with the M50940-XXXSP/M50941-XXXSP 


are: 
(1) ROMless, EPROM is attached externally 





(2) Suitable EPROM is the M5L2764K or the M5L27128K. 


APPLICATION 


Development of programs for VCR, tuners, and audio 
equipment. 


Reference voltage input ner 11 64] Voc 
IN7 — | AVec 
INg — + P2, 
ING 28-pin socket for EPROM + Po 
1 
IN, — 160] +> P2, 
Input port IN 
a NS (Sl ee ee re 
\ J ee High-voltage output port P2 
INz—> LZ] 1 © Voc ed 58} +> P2, ay Perea net ae 
IN, —> BH @ Ai2 Voc @ | +> P? 
0 { 6 
pa =f] |@ a, As @| fal re, 
P4, <-> | 54] —> PO 
oT OA 4 @, Be Pe 
P4,- | | PPO; 
\/O port P4 ae i As Ag @ ys os. 
P43 +> 5\| P 3 
P4, ++ | © Ag An @) | — PO, High-voltage output port PO 
P4, + [i6] @ A3 Vss: @2) | 49] — POs; 
P45 peng | Ao Ai0 @)) | 48] = POs 
| P37/Sroy bag — P0, 
P3,/CLK + @aA, Vss [46] + Pt, 
P3./Sour + [20] |@ A D @| [45] — P1, 
0 7 
<> | 21 — 
Vo port pa} P8s/Sww al 1® 5 @ ade PA 
P33/T, + L22| ° | 43} + P13 ras 
-volt 
P3,/T> @ D, Ds © : espe, igh-voltage output port P1 
P3;/KNT, + {24] To . rai] > Pts 
P3)/INT2 +> | ; ve | 40) + Pt, 
CNVss I Vss D3 (5) | ie P17 
Reset input RESET — i 2 ee _| <— Vp - Pull-down voltage input 
Cicok input Xin —> (28 37] — Ro 
Clock output Xourt + aA Input port R 
Clock input for clock function Xcin — 30]. — Re 
Clock output for clock function Xcoyt+— . + R3 
Vss M50941-PGYS —¢ Timming output | 


Outline 64S51M 
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PIN DESCRIPTION 


pom uu 
Vo Supply voltage Power supply inputs 5V+5% to Vcc, and OV to Vss. 
V . 
Vp 











ss : 
CNVsg This is usually connected to Vgs. . | | 
pve Pull-down voltage Input This is the input voltage pin for the pull-down transistor of ports PO, P1 and P2. 





Cc 
RESET Reset input input To enter the reset state, the reset input pin must be kept at a “L” for more than 2us (under normal Vcc 


conditions). lf more time is needed for the crystal oscillatior to stabilize, this “L” condition should be main- 
tained for the required time. 
















These are I/O pins of internal clock generating circuit for main clock. To control generating frequency, an 
external ceramic or a quartz crystal oscillator is connected between the Xj, and Xour pins. If an external 
clock is used, the clock source should be connected the Xjy pin and the Xour pin should be left open. 





XcIn Clock input for This is the I/O pins of the clock generating circuit for the clock function. To control generating frequency, 
clock function an external ceramic or quartz crystal oscillator is connected between the Xcin and Xcourt pins. If an external 
clock is used, the clock source should be connected to the Xow pin and the Xcour pin should be left open. 

Xcoutr Clock output for Output This clock can be used as a program controlled the system clock. ~ 





clock function 












PO o~PO, | Output port PO Port PO is an 8-bit output port. Output structure is high-voltage P-channel open drain. A pull-down transistor 
| is built in between the Vp pin and this port. — . | 
At reset, this port is set toa “L” level. | 
1 


Pio~Pt1,7 | Output port P1 | Output Port P1 is an8-bit output port and has basically the same functions as port PO. . 


1/0 port P2 Port P2 is an 8-bit I/O port with directional registers allowing each I/O bit to be individually programmed as 
input or output. At reset, this port is set to input mode. The output structure is P-channel open drain. A pull- 

P39~ P37 
| P4o~P47 | I/O port P4 
Oo 












Port P3 is an 8-bit I/O port with CMOS tri-state output. The other functions are basically the same as port 
P2. Pins P39, P3;, P32 and P33 pins are in common with INT2, INT, Tz, and T;, respectively. When serial 1/0 
is used, P37, P3g, P35, and P34 work as Srpy, CLK, Sour, and Sin, pins, respectively. 


1/O port P3 1/0 













Port P4 is an 8-bit I/O port with CMOS tri-state output. The other functions are basically the same as port 





; down transistor is built in between the Vp pin and this port. 
- P2, | 

Input port R Input Port R is a 4-bit input port. ; 

INo~INz_ | Analog input port IN | Port IN is the analog input pin to the A-D converter. It also has a dual function and works as a normal input 
; port. a. 
Voltage input for A-D . This is the power supply input pin for the A-D conveter. 

| | | 

Output port A . Output | Port A outputs the addresses to the EPROM mounted on the top of the package. ne 
Input port D Input Port D takes the input data from the EPROM mounted on the top of the package. 





Reference voltage Input This is the reference voltage input pin for the A-D conveter. 


Input 
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EXPLANATION OF FUNCTION BLOCK MEMORY 

OPERATION | The memory map is shown in Figure 1. Instead of an inter- 
The differences between the M50941-PGYS and the nal ROM, an EPROM is mounted. The address of EPROM 
M50940-XXXSP/M50941-XXXSP are explained below. As is C000,, to FFFFi6, having 16k bytes. Other than this, the 
all other points are the same, only the differences are ex- M50941-PGYS has the same functions as the M50940- 
plained. XXXSP/M50941-XXXSP have. 


Decimal 


Not used 


Address H 
Address H 
Address H 
Address H 


Address L 


0000 
i. , 00E0,, 


+ QOE 14g 
/ 00E2:¢ 

igi 00E3 6 
5 00E44, 

; 00E5;, 

/ O0E6:, 
OOE7 46 

255 O0E8,, 
| 00E9,. 

\ OOEA. 
\ O0EB;, 
; 00ECi. 

: O0ED,. 
OOEE. 

\ OOEF i¢ 
O0FO:. 
\ OOF 14. 
O0F21¢ 
aaa OOF 31. 
eS 00F 44, 

\ OOF5i¢ 

\ O0F6,. 

\ «OOF 746 

\ OOF 816 
\ O0F9:¢ 
INT; OOFAi6 
S1/O or Timer 3 OOF By, 
Timer 2 if OOFCi, 


Timer 1 or A-D \ OOFD,, 


Port PO 
Port P1 


Port P2 
Port P2 directional ; 
register 




















RAM 
(192 bytes) 


OOBFi, 
Zero page 


Port P3 
Port PS avgstional 
Port P4 
i { 
Port P4 fagister® 
Port IN 
A-D register 
|_| Port R 
A-D start address 


A-D control register 


' control 
Timer 4,5 realster 


Serial:1/O mode registe 
Serial !/O register 


Timer 1 


OOFF,, 


C000i¢ 






FF00,¢ 


External ROM 
(16K bytes) 
Special 
page FFF44., 
for 
subroutine 
Call 


Timer 2 


Timer 5 








Address H INT, : OOFE,, 'nterrupt contro! register 
RESET \ OOFF,¢ | Timer control register 
EEE 65535 : 





Fig.1 Memory map 
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PROCESSOR MODE 


External memory area differs from the M50940-XXXSP/ 
M50941-XXXSP only in the memory expanding mode of the 


PR 
(1) 


processor mode. Figure 2 shows the external memory area 
when the M50941-PGYS is in the memory expanding mode. 
All other processor modes are identical to those of the 


M50940-XXXSP/M50941-XXXSP. 


External EPROM 


DCMBDM@G\ Port P3, etc. 


Internal RAM 


Hatching indicates external memory area. 





Fig.2 Memory map in memory expanding mode 
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ECAUTION FOR USE 

When developing programs with the 50941 - PGYS, 
carefully consider the ROM capacity of the M50940- 
XXXSP/M50941 -XXXSP. 

In the case of the M50940- XXXSP, use the ROM area 
from F000, to FFFF 4.6. . 

(In the case of the M5L2764K and the M5L27128K use 
the areas from 1000,, to 1FFF,, and from 3000;., to 
3FFFi.¢, respectively.) 

In the case of the M50941 _XXXSP,_ use the ROM area 
from E000,, to FFFF4.. 

(In the case of the M5L2764K and the M5L27128K use 
the areas from 0000;, to 1FFF,. and from aieee to 
3FFF,,, respectively.) 

The M50941-PGYS has no options as the M50940- 
XXXSP/M50941-XXXSP. 
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ABSOLUTE MAXIMUM RATINGS 












Me | Pull-down input voltage 
Input voltage CNVss 


Vv Input voltage INo~IN7,Ro~ Ra _ p 
Xin, Xcin, RESET, Veer 
Vi Input voltage P39~P37, P49~P47 


Output voltage P39 ~P37,P49~P4z, 
Vo 


Xcout. Xout, % 


Output voltage P0o~PO7, Plo~P17, P20~P2r 
SS a a 1 
ie omen ee te 
carte danas: Se ee 















With respect.to Vss 
Output Transistors are at “OFF” state. 






















=O: 3~Voc +0. iS] 









Voc—38~Vec +0. 3 











BW Lo) 
=—3 


< 
fe) 
9) 
< 





; 


RECOMMEND OPERATING CONDITIONS 

. (Vec=5VE5%, Ta=—10~70TC, unless otherwise noted) 
| Ve ___| Pull-down supply voltage | Meco 86] 

aa 
- “H” input voltage Port P39~P37, P4p~P4;, 

| Vin | "H" inputvoltage Pot Ro~Ro_ | Ao | | Vc 

Vin sel 
“H” input voltage Port P2o~P27 10.8Vec| «| Voc 
“L” input voltage Port P3>~P37, P4o~P47, - po) fates) ov | 

INo~INz, CNVss 


“L” input voltage RESET FO | | 0.12Ve6 
“L” input voltage Xin, Xcin as ae 0. 16Vec 
“L” input voltage Port P29~P27 Veco —36 | 126 || Ve | 


“H” sum output current Port POg~P07, P19~P17, 
P29~P27 
“H” sum output current Port P39~P37, P49~P47 


“L” sum output current P3g9~P37, P4p~P47 


' “H” peak output current Port POg~PO7, Plo~P17, 
OH( k) 
Pos P2y~P2, 


“H” peak output current Port P39~P37, P4g~P47 


lou(peak)| “L” peak output current Port P39~P37, P4o~P47 


Supply voltage i eal 
| Vin | “H” input voltage RESET, Xin, Xcin Voc 
“L” input voltage Port Ro~R3 hase SOP be aan ooo 0.12Voc 
V 
V 








lou(sum) 












“H” average output current Port POo~P0y, P19~P1z, 
P29~P27 

“H” average output current Port P39~P37, P49~P47 

“L" average output current Port P39~P37, P4o9~P47 


Clock input oscillating frequency Vec=5V 
Clock oscillating frequency for clock function 


Note 1. The maximum “H” input voltage for CNVsg is +12V. 
2. The duty cycle for these oscillating frequency is 50%: 
3. When the low speed mode is used, the clock input oscillating frequency for the timer must satisfy 
the following expression ; 
f(Xoin) <4(X,.)/ 3 : 
4. The avarage output current lou(avg) and lo.(avg) are the average value during a 100ms cycle. 
5. f(x) Must be less than 50kHz when the external clock is to be used. 


lon(avg) 
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ELECTRICAL CHARACTERISTICS (vcc=5v+5%, Vss= OV, Ta=25, f(X,,)= 4 MHz, 





VoL “L” output voltage ¢ 
Vr+—Vy— | Hysteresis P3o/INT2, P31/INT; 


Vr4—7Ve— Hystergsis RESET 


Vr+—Vy-— | Hysteresis Xin 


Hysteresis Xcin 









“L” input current Port P3g9~P37, P49 ~P47 


-“L” input current Port INg~IN7z 
“L” input current RESET, Xin, Xcin, Ro™R3 


— “L" input current P29>~P27 


“H” input current Port P39~P37, P4g9~P47 


“H” input current Port INo~IN7 






“H" input current Port P29~P27 


“H” Mia current RESET, Xin, Xcin, Ro~Rs3 


[> ett eunen Pert FOGG, Pip, PEP | vamp 36, Vesseg | 00 
[Suppyewren Ne mime | | ma 
Pings —[Sepy een gine ea 


Note 1. Open output ports, Vp=Vec, input port is Vss, si normal operation. 


Parameter 


“H” output voltage Port P39~P37, P49~P47 





= “H” output voltage ¢ : 
“H” output voltage Port POg~P07, P19~P17, P2o>~P27 





"L" output voltage Port P3y~PSr, P4o~P4y 




























Test conditions 


TeeECy: lon= —5mA 


Use as reer 
Veo= 
—_ 


Use as oon 
Vr4+— Vr eivetereels P36/CLK Vec=5V 
inpu 










unless otherwise noted) 


Se 
ae ae ae ae 


ae es eae 
ae eee 
cae ae 
se 


Ww |W 
< 


Ww 


oO 
—N 


oO 
oO 





V,=0V without 
Vec=5V 
pull-up Tr. 
‘| Vi=0V, with 
Vec=5V 
pull-up Ty. 
Vi=0V : noe 


Vi=0V 
= 


Vi=Vcec—36V 





=5V, without pull-up transistor 





V,=5V, not use as analog input 





Reading operation V;=5V 








normal operation V,=5V 
=5V. 





oO 

ol 
< 
> |< 





| 
| ms 
oO Oo 
R 
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X, =4MHz Ceramic resonator 


X. =32. 768kHz Cuartz crystal 
resonator 
C, =C,2 =150pF 


R, =1M2 


C3 =10pF 
C, =30pF 
Ro =10MQ 
R3 =100kQ 





Fig.3 Test circuit for measuring supply current 


A-D CONVERTER CHARACTERISTICS (Vcc=5v, Vss=0V, Ta=25C, (Xin) =4MHz, unless otherwise noted) 


, 











a eae 
(ee ee a ee ee ee ee 
[= Tabsciate ecouracy —SSS~S~*~s eae Te SSC*iSSCdSCid Ps 


[ Runopen | badder esitorvaue SC SCSSC~i Cd 

‘Lowspeed iim | 
nen meno ee ee 
vi | meyepuiemge 
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DESCRIPTION 

The M50950-PGYS is an EPROM mounted- -type | micro- 
computer employing a silicon gate CMOS process and was 
designed for developing programs for single-chip, 8-bit 
microcomputers | M50950-XXXSP/M50951-XXXSP. The 
M50950-PGYS, being housed in a piggyback-type 52-pin 
Shrink DIP, is compete. with the M50950-XXXSP/M50951- 
XXXSP. 

There is a 28- -pin socket on the upper surface so that the 
M5L2764K or the M5L27128K EPROM may be used. 

The M50950-PGYS simplifies the development of programs 
for the M50950-XXXSP/M50951-XXXSP and is excellent for 
making prototypes. | | 


PIN CONFIGURATION (TOP VIEW) 


DISTINCTIVE FEATURES 

@ Differences with the _M50950- XXXSP/M50951-XXXSP 
are: 

(1) ROMless, EPROM is attached externally 

(2) Suitable EPROM is the M5L2764K or the MSL271 28K. 


| APPLICATION 


Development of programs for VTR, tuners, and audio equip- 
ment. 


28-pin socket for EPROM 


Output port P2 


'O Voc 


ens 1@) A12 
P43/Sroye + LE 
P4,/CLK, + 1® A; 
P4,/Soure + | @ As 
P4,/Sin2 bean 9 | 
P3;/Sapy1 > UO) ie As 
P3/CLK, + [i] 1 @ a, 
P35/Souts | 
- P3./Siv: +> G3 @ As 
P33/T + [14 | A> 


P32 > 
1@ A; 


1/O port P2 


1/0 port P4 


1/O port P3 


lon 
,@) Do 


Input port P5 P53/INT; > UB. 
P5./INT2 > UY 


'@ Dd, 


| | ® Dz 
Clock input 


Clock output ~ Vss 
Clock input for clock function — 
Clock output for clock function 


M50950-PGYS ig 


- Output port P2 


a 
beat 
' Voc @ 


Output port PO 


Output port P1 


Pull-down voltage input 
Input port PS. 


Timing output 


Outline 52S1M 


The symbol “©” indicates sockets for EPROM. 
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PIN DESCRIPTION 


Input/ 


Functions 
Output 


Veco Supply voltage 
Vss 


Power supply inputs 5V+5% to Vcc, and OV to Vss. 





CNVss 


CNVss 


This is usually connected to Vss. 





This is the input voltage pin for the pull-down transistor of ports PO, P1 and P2,~P2;. 


Pp Pull-down voltage 


rt 








To enter the reset state, the reset input pin must be kept at a “L" for more than 2us (under normal Voc 
conditions). 

If more time is needed for the crystal oscillator to stabilize, this “L” condition should be maintained for the | 
required time. 


RESET Reset input 







These are |/O pins of internal clock generating circuit for main clock. To control generating frequency, an 
external ceramic or a quartz crystal oscillator is connected between the Xin and Xour pins. If an external 


Xin Clock input 






Clock output 


Timing output Output This is the timing output pin. ; 


Clock input for clock 
function 


Xour clock is used, the clock source should be connected the Xn pin and the Xour pin should be left open. 
















This is the I/O pins of the clock generating circuit for the clock function. To control generating frequency, 
an external ceramic or a quartz crystal oscillator is connected between the Xcin and Xcour pins. If an exter- 
nal clock is used, the clock source should be connected to the Xcin pin and the Xcour pin should be left 
open. This clock can be used as a program controjled the system clock. 


XcINn 


















Clock output for 
clock function 


Output port PO 


Output port P1 Output Port P1 is an 8-bit output port and has basically the same functions as port PO. 
20~P2-7 | I/O port P2 Port P2 is a 2-bit I/O port (P29, P2;) and a 6-bit high-voltage P-channel outputt port (P22~P27) . 

For P29 and P2;, output structure is N-channel open drain. A pull-down transistor is built in between the Vp 
pin and P2.~P2z. . ; 

P3o9-~P37 | 1/0 port P3 1/0 Port P3 is an 8-bit 1/O port. When serial I/O, is used, P37, P3.g, P35, and P34, work as Sppy1, CLK1, Sout, 
and Sin1 pins, respectively. P33 can be used as programmable output pin for the timer 1 overflow signal di- 

. vided by 2. . 

P49~P4g3 | I/O port P4 - 0 Port P4 is an 8-bit I/O port. When serial I/Oz is used, P43, P42, P4,, and P4 9 work as Sapy2,CLK»o, Sours, and 

Sinz pins, respectively. 


P52/INT2 Input port P5 Input Bits 2 and 3 of port P5 are 2-bit input port and are.in common with interrupt inputs. 
P53/INT, | . 
P54~ P57 } input | its 4~7 of port P5 are 4-bit input Ban, . 


Xcout Output 












Port PO is an 8-bit output port. Output structure is high-voltage P-channel open drain. A pull-down transistor 
is built in between the Vp pin and this port. 
At reset, this port is set to a “L” level. 





Output 












Output port A Output Port A outputs the adresses to the EPROM mounted on the top of the package. 
Do~ D7 Input port DE Input crt D takes the input data from the Erno mounted on the top of the package. 
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EXPLANATION OF FUNCTION BLOCK MEMORY oe 
OPERATION | | | The memory map is shown in Figure 1. Instead of an inter- 
The differences between .the M50950-PGYS and the ‘nal ROM, an EPROM is mounted. The address of EPROM 
M50950-XXXSP/M50951-XXXSP are explained below. As is E000,, to FFFF i, having 8K bytes. Other than this, the © 
all other points are the same, only the differences are ex- M50950-PGYS has the same functions as the M50950- 
plained. a | — XXXSP/M50951-XXXSP has. | 


Decimal 
0 


00E0,.{ Port PO 
OOE11, 
OOE2,6| Port P1 
O0E3i¢ 
00E4,.61 Port P2 

OOES,6| Port P2 sirsctonal 
- O0E6,, 

O0E7i4¢ 
00E8,,| Port P3 

00E9,<] Port P3 register 
OOEA,,_| Port P4 

OOEBy6| Port P4 farectional 
OOEC,.} Port PS 

OOEDi,6 
OOEE,, 
OOEF,, 
OOF0i¢ 
OOF 14, 
OOF 21, 
00F3,. 
00F 446 Serial I/O, register 
OOF5,,} Serial 1/02 mode register 
OOF6,.6} Serial 1/0, mode register 
OOF7,,} Serial I/O, register 


Special . per Ore 
page for O0F9,, 


eens \ OOF A,¢} Timer 1 
| oe Ce S 1/0, or Timer 1 OOFB,i, 
Timer 2 OOFC,,| Timer 2 
Timer 3 \  OOFD,,}| Timer 3 
[ages | ss | ore 


RAM 
(144 bytes) 


Zero page 


External ROM 
(8K bytes) 


Aay2 
3/S 
Oc 
Tio 
QO Fa 
oO OQ 
i} [eo] 
ae 
= fo 
oiln2 
ala 
Allg 
olo 
ban! im] 





Fig.1 Memory map 
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PROCESSOR MODE 
External memory area differs from the M50950-XXXSP/ 
M50951-XXXSP only in the memory expanding mode of the 


processor mode. Figure 2 shows the external memory area. 


when the M50950-PGYS is in the memory expanding mode. 
All other processor modes are identical to those of the 
M50950-XXXSP/M50951-XXXSP. 


External EPROM 


Timers, Port P3, etc. 


Port | Papers | 


WH 


Internal RAM 


00001, 
Hatching indicates external memory area. 


Fig.2 Memory map in memory expanding mode 





PRECAUTION FOR USE 


(1) 


Because of the loading of the EPROM, the external 
dimensions differ from those of the M50950-XXXSP/ 
M50951-XXXSP, being 19.0 X 50.8mm. Lower pin 
measurements are the same. 

When developing programs with the M50950-PGYS, 
carefully consider the ROM capacity of the M50950- 
XXXSP/M50951-XXXSP. | 

In the case of the M50950-XXXSP, use the ROM si 
from E8001, to FFFF4.. 

(In the case of the. M5L2764K and the M5L27128K t use 
the areas from 0800,, to 1FFF,g and from 28004, to 
SFFFi.6, respectively.) 

In the case of the M50951-XXXSP, use the ROM area 
from F000,,¢ to FFFF4.. 

(In the case of the M5L2764K and the M5L27128K use 
the areas from 1000;, to 1FFFig and from 3000;, to 
3FFF,.¢, respectively. ) 
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ABSOLUTE MAXIMUM RATINGS 


ee 4 Supply voltage =0. 3-7) 
—0.3~13 





Voc 

Vag=38=Voo¥0.3 

Input voltage P29, P21, P3p>~P37, P4y~P43, CNVss | 

ee, - P50/INT., P53/INT; 

) 

Output voltage Xour, Xcour, , Ao~At3 
Vo Output voltage P0o~P0;, P1o~P17, P22~P2, 

Cpa [Power despa 

Sea TT SS ANN 

—40~125 











RECOMMENDED OPERATING CONDITIONS (Voo=5VE5%, Ta=—10~70°C, unless otherwise noted) 


Pull-down supply voltage Voc—36 en Voc 
Supply voltage ; , 


| 0 V 
“H” input voltage P29, P2;, P39~P37, CNVss 
Fon) 10. 75V V V 
P52/INT2, P53/INT;, P4y~P43 eat = oe 
“H” input voltage RESET, Xin, Xcin 0. 8Vec Voc 


“H” input voltage P54,~P57 0.4Vcc Voc V 
“H” input voltage Do~Dy 0.45Vco| | Veco _| 
Vie 









NS 
on 





“L” input voltage P29, P2;, P39~P37, CNVss 
P52/INT2, P53/INT;, P4>~P4, 

“L” input voltage RESET 

“L” input voltage Xin 


“H” peak output current PQg~PQ7, Pl9p~P17, P22~P27 
“L” peak output current P29, P2;, P89~P37, P49 ~P43 


Note 1 : “H” input voltage of up to +12V may be applied to permissible for ports P29, P2;, P39>~P37, P5o, 

P53, P49 ~P43 and CNVss. . 

2 : The average output current lon(avg) Nd lo.(avg) are the average value of a period of 100ms. 
On output ports, the total of current dissipation should be 890mW max at T=25C. 

3 : Oscillation frequency is at 50% duty cycle. 
When used low-speed mode, clock input oscillating frequency for clock function should be f 
(Xoin) <f(Xin)/3. 
When used external clock, clock input oscillating frequency for clock function should be f(Xcw)< 
50kHz. : . 



















x 

5 
A 
> 


oO | 
ro) =—|—}n% 
a(n}/olny|o 
3 
> 
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ELECTRICAL CHARACTERISTICS (vcc=5v, Vss=0V, Ta=25C, fix) =5MHz, unless aihenviee noted) 


lon=—2. SMA, Ta=—10~70°C 
“H output voltage P0p~P07, Plp~P17, P2.~P2z lou=—12mA, Ta=—10~70°C 
“L” output voltage P29, P24, P3>~P37, P4y~P4, lop=10mA, Ta=—10~70°C 
“L” output voltage ¢, Ago~Ai3 loL=2. 5mA, Tag=—10~70°C 
When used as CLK input 
“L” input current P2o, P21, P3>~P37, P4o~P4g V=0V 
= 
“L” input current P52/INT2, P53/INT; Vi=0V 


Vfi= 5V 
Vi=12V 


















Test conditions 


= 
) 
: < 
oO 2 


A 
on 
is 
> 


hy “H” input current P29, P2;, P389~P37, P4g~P43 


< 

| 

oO 

< 
2} |9 | 
Ww OO W/W: 


“H” input current P54~P57 Vi=5V 
| WIN ee eed 
lies “H” input current P52/INT2, P53/INT, 
Pull-down current, P0j~PO7, P1p~P 17, P22~P2, Ve=Veo—36V, Vor=Veo. 150 | g00 | nA | 


“L” Pull-down current POg~P07, P1p~P17, P22~P2; Ve=Voo—36V, VoL=Ve 


RAM retention voltage at clock stop 


Output pins open (output off) 
Vpp=Vss, Input and I/O pins all at Vss 
(xi) =SMHz(at system operation) 


Supply current 


BSS 
oO 
aa jo) 
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DESCRIPTION | 

The M50955-PGYS is an EPROM mounted-type micro- 
computer which utilizes CMOS technology, and is designed 
for developing programs for single-chip 8-bit microcompu- 
ter the M50955-XXXSP. It is housed in a piggyback-type 
64-pin shrink DIP. 

There is a 28-pin socket on the package for the M5L2764K 
or the M5L27128K EPROM. | 

The M50955-PGYS simplifies the development of programs 
for the M50955-XXXSP and is excellent for making pro- 
totypes. . 

The differences among the M50754-XXXSP, M50954- 
XXXSP, and the M50955-XXXSP are only ROM size. 
Therefor the M50955-PGYS can be.used for the develop- 
ment of programs for the M50754-XXXSP and the M50954- 
XXXSP. | 


PIN CONFIGURATION (TOP VIEW) 


Voc 


I/O port P6 


PIGGYBACK for M50754-XXXSP,MS0954-XXXSP,MS0955S-XXXSP 


28-pin socket for EPROM — P4, 


; MITSUBISHI MICROCOMPUTERS 


MS0955-PGYS 






DISTINCTIVE FEATURES 
@ Differences with the M50955-XXXSP are: 
(1) ROMless, EPROM is attached externally. 


(2) Suitable EPROM is the M5L2764K or the M5L27128K. 


APPLICATION | | 2 
Development of programs for VCR, tuners, and audio-visual 
equipment 


—> P4y 
— P4, 
— P4, 


High-Voltage 
— P4, Output Port P4 


PS — Ps 


P2, +> [8] 


I® re 
om 
1'@ Ag 
| 
1® Ay 
P3,/Sapy > lo As 
P3¢/CLK +> | © A> 


P35/Sour 
P3,/Sy + [ig] |@ Ai 


P33 |@ Ao 
l® Do 


P35 @ D, 
P53/INT, > 
D 
P5,/INT> > |® : 
CNVss 
RESET — 


1/O port P2 


1/O port P3 


Input port PS 


Reset Input 


Clock Input 


Clock Output Xout * 


fo Voc Voc | — P4, 


— PA, 
Veco @ \ — PQ, 


“Ass | — PO; 


As @ Bee 
| — PO; High-Voltage 
Ag | [52] > PO, — [ Output Port Po 
Aw @3) | me POs 


— PO; 

Vss @ | — PO, 
Ao @| = hg 
| fat 

Vss — P1, 
D, —P1, 


| —+ Pi, 
De a + Pts 


Ds @ > Pi, 
D = P17 
: | — P50 | High-Voltage 
— P5, Output Port PS 


High-Voltage 
Output Port P1 


—Vp Pull-Down 
f Voltage Input 
—'P5, 


aes P5. 


Clock Input for Timer 
Clock Output for Timer 


Xcin 


Xcout 
Vss 


M50955-PGYS- 


Outline 64S1M 
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ae P56 


—P5, 


eo 


Input port P5 


Timing Output 


The symbol “©” indicates sockets for EPROM. 
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PIN DESCRIPTION 


Input/ ‘ 
Functions 
Output 


Supply voltage 





Power supply inputs 5V+5% to Vcc, and OV to Vss. 


Vss 
Pve | Pull-down voltage input | This is the input voltage pin for the pull- -down transistor of ports PO, P1, P4, P59 and P5.: 


~ —{ 


Clock input 
Xour Clock output Output 


Timing output Output This is the timing output pin. . 


Clock input for 
clock function 











To enter the reset state, the reset input pin must be kept at a “L” for more than 2us (under normal Vcc 
conditions.) If more time is needed for the crystal oscillator to stabilize, this “L” condition should be main- 
tained for the required time. 


This chip has an internal clock generating circuit. 

To control generating frequency, an external ceramic or a quartz crystal oscillator is connected between 
the Xin and Xour pins. If an external clock is used, the clock source should be connected the Xin pin and 
the Xourt pin should be left open. 





This is the 1/O pins of the clock generating circuit for the clock function. To control generating frequency, 
an external ceramic or a quartz crystal oscillator is connected between the Xcin and Xcour pins. If an exter- 
nal clock is used, the clock source should be connected to the Xcin pin, and the Xcour pin should be left 
open: This clock can be used as a program controlled the system clock. 


Xcin 


Clock output for 
clock function 


Xcout 





Port PO is an 8-bit output port. Output structure is high-'‘oltage P-channel open drain. A pull-down transistor 
is built in between’the Vp pin and this port. 
At reset, this port is set to a “L” level. 





OQo~PO7 | Output port PO Output 


1o~P17 | Output port P1 Output Port P1 is an 8-bit output port and has basically the same functions as port PO. 


2o~P27 | I/O port P2 


Port P2 is an 8-bit |/O port with directional registers allowing each I/O bit to be individually programmed as 
input or output. At reset, this port is set to input mode. 
The output structure is N-channel open drain. 


Port P3 is an 8-bit !/O port and has basically the same functions as port P2. When serial 1/0 is used, P37, 


30 P37 | I/O port P3 
P35, P35, and P34 work as Sapy. CLK, Sour, and Six pins, respectively. 


4o~~P47 | Output port P4 Port P4 is an 8-bit output ee and has basically the same functions as port P2. 
P55, P5, Output port P5 Output Bit O and 1 of port P5 are 2-bit output port and has basically the same sinetions as port PO. 


P50/INT> 
P53/INT, 


6o~ P65 1/O port P6 


o~ D7 Input port D- 











Bit 2 and 3 of port P5 are 2-bit input port and are in common with interrupt inputs. 


Input Bit 4~7 of port P5 are 4-bit input port. . 


Input port P5 





‘lt 
v 
on 
ar 


input or output. The output structure is CMOS tri-state output. P69, P6;, P62, P63 can be programmed to 
function as timer output pin (T), PWiMi output pins (PWiMi, PWM2, and PWM3), respectively. 


These are for addresses to an EPROM mounted on the package. 


These are for input data from an EPROM mounted on the package. 
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Port P6 is a 6-bit 1/O port with directional registers allowing each 1/0 bit to be individually programmed as 
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BASIC FUNCTION BLOCK MEMORY - | _ 


The differences between the M50955-PGYS and the The memory map is shown in Figure 1. The M50955-PGYS 
M50955-XXXSP are noted below. The following explana- is mounted an EPROM instead of an internal. ROM. 

tions apply to the M50955-PGYS. | The address of an EPROM is C000,¢6 ~ FFFFi., and this 
Specification variations for other chips are noted accor- memory size is 16384 bytes. Other than these, the M50955- 


dingly. | | ‘PGYS has the same functions as the M50955-XXXSP has. 


Decimal 
00E0,,] Port PO 
Port P1 


O0E2i¢ 
00E3;, 


00E9,,| Port P3 directional 


register 


OOEA.6| Port P4 © 


Not used | O0EBis as 
“over, [Pon Pease 


OOF6,. Serial |1/O mode register 
_ OOF 7,6] Serial 1/0 register 


OOF8 1, 
Special 
page for OOF9,, 


i \ 
subroutine | ~ Address L 
call \ O0FAse 
Address L ; \ 
S I/O or Timer 1 , OOF Big 
Address L » \ 
INT, ~  -\- QOFE, 6] Interrupt control register 
i \ ; 
RESET \. OOFF,¢] Timer control register 
\ 


65535 


RAM. 
(192 bytes) 


Zero page 


ROM 
(16K bytes) 





Fig.1 Memory map J 
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PROCESSOR MODE | | PRECAUTION FOR USE 


External memory area differs from the M50955-XXXSP in (1) In case of the M5L2764K or the M5L27128K EPROM 
the memory expanding mode. | use the following areas (refer to Figure 1): | 
External memory map in the memory expanding mode is @® For the M50754-XXXSP, usable ROM area are 
shown in Figure 2. | —— E800;g~FFFF 46. 

MISE2 7 OAK rte teen ee sat addresses 0800;.~1FFFi¢ 


MSL271 28K vsreeeseseeteeeee addresses 28001g~3FFFig 
@ For the M50954-XXXSP, usable ROM area are 
EQ00;,5~FFFF 4.6. 


MSLZ 764K sessrsesesstae teens crt addresses 0000;.~1FFF1. 
oo e MBL271 28K rresseseseeseseen addresses 2000,¢~3FFFi¢ 
@ For the M50955-XXXSP, usable ROM area D8001, 

~FFFFi6. 


MSL27 128K st toereestest recast addresses 1800,5~3FFFi¢ 

(2) The M50955-PGYS has no options as the M50754- 

WX XXXSP, the M50954-XXXSP and the M50955-XXxXSP. 
\ Therefore for the M50955-PGYS, the ¢ output cannot 


| Timers, Port P3 Port P3 








be stopped. 
| PortsPO~P2 PO~P2 Pe 
Internal RAM 
Hatching indicates external memory area 
Fig.2 Memory map in memory expanding mode 
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ABSOLUTE MAXIMUM RATINGS 


Pulldown input voltage 


ca Input voltage, P2>~P27, P3o~P37 


CNVsgs, P52/INT2, P53/INT; 


Voc 

Vp 

V 

Vv Input voltage, RESET, Xi, Xow 
Vi 

Vv; 

Vo 

Vo 

Vo 







































With respect to Vss. 





Output transistors cut-off. —0.3~Voect0. 3 


—0,.3~13 


= O,3-~13 


—0.3~Voct0. 3 


Voco—40~Vec +0. 3 


nee i 


Input voltage, P6g~P6, 


Input voltage, P54~P57 


| Vo __| Output voltage, P2>~P2y, P3~P3; 
Cpa [Power sleapetn TT i000 | 


Output voltage, P6g~P6s, Xour, Xcour, # 
Operating temperature oe: —10~70 . 
Tstg Storage temperature —40~125 


< 






“- 





< 





Output voltage, POQ9~P07, Plo~Pt17, P4o~P47, P59, P5; 








RECOMMENDED OPERATING CONDITIONS (Vcc=5V+5%, Ta=—10~70°, unless otherwise noted) 
Symbol _ - Parameter z i 
Supply voltage 4.78 
ra P52/INT2, P53/INT;, P69~ P65 ey 
| Vin _ | “H” input voltage P5.~P5; 
aa P52/INTo, P53/INTj, P69~ P65 


Voc 

Vp 
ss 

ae “H” input voltage P2y9~P27, P389~P37, CNVss( Note 2 ) 
1H 

Vin 

Vin 

Vv “L” input voltage: P29>~P27, P39>~P37, CNVss 
IL 

Vin 

Vir 

Vic’ 












































“L” input voltage RESET 
a Ba input voltage Xin; XcIn 













PV | “L” input voltage P54~P57 
“H” sum output current POg~P07, P19p~P17, P49 ~P47 


“H” sum output current P69~P6s5 
Toxisumy | "L" sum output eurrent P2~P2nP&=P& |_| 
“L” sum output current P69~P65 = 
“H” peak output current PQo~P0, Ee 
“H” peak output current POs~P07, Pig~P17 © P| 
“H” peak output current P4g~P47, P59, P5, le 
“H” peak output current P6)~P65 . Po 
loxtpeak’| “peak output current P2s~P2r,P&~ PH || 
“L” peak output current P69~P6s5 | | 

es & 

al 








3 
> 





o}ola 
3 





>| > 


=| 
> 















A 


5 


wldolo|S 
3 3 
> > 





> 


> 


“H” average output current P49~P47, P5o, PS; 

‘| loucava) | “H” average output current .P69~P6;5 | 
oo. ne 
~ lottava) | “L” average output current P69~P6s5 | | 


Fox) Clock input oscillating frequency (Note3, 4, 6) ee 
1 foxein) Clock oscillating frequency for clock function || ‘kHz 


Note 2 : High-level input voltage of up to +12V may be applied to permissible for ports P29>~P27, P389~ 
P3,, CNVss, and P5.~P5y. . 

Oscillation frequency is at 50% duty cycle. . 

When used in the low-speed mode, the timer clock input frequency should be fcxin) < foun)/3. 

When external clock input is used, the timer clock input frequency should be f(xcin) S 50kHz. 

The average output current lo.avg) and lox(avg) are in period of 100ms. . 


nae 
>|> 


> 
>| > 


> 















oO 
© 
jo) 


Fite 
mio 
< 

ii 
N 


no & Ww 





se 7 _ | MITSUBISHI 
| | ELECTRIC 


MITSUBISHI MICROCOMPUTERS 


MS0955-PGYS 


PIGGYBACK for M50754-XXXSP,M50954-XXXSP,M50955-XXXSP 





ELECTRICAL CHARACTERISTICS (Vcc = BvE5%, Vss = OV, Ta = 25°C, fix.) = 4MHz, unless otherwise noted) 


Limits 
yp. Max. ; 


nit 
V 





Test conditions 





i 


on . ; oO fo) [o) 





oe Voo=0 

“H” output voltage POg~P0O7, P1p~P17 lon=—18mA 
“H” output voltage P4p~P47, P59, P5; loL=—12mA 
“L” output voltage P29~P27, P39~P37 lop =10mA at ae 
lo.=0. 5mA 


Hysteresis P59/INT2, P53/INT; 
Hysteresis RESET 


Vr+—Vr— | Hysteresis P3, 


Hysteresis Xin 


When used as CLK input 


Se es = 
—|w w 














| | “L” input current P2o>~P27, P3o~P3 Vi=0V 
a “L” input current P69~P65 Vi=0V 
eli. a “L” input current RESET, Xin, Xcin Vi=0V 
FI | “L” input current P52/INTo, P53/INT; Vi=0V 
pi | “H” input current P2>~P27, P39~P3, = 
| Vi=12V 
Ca pt eon PRP 
Cine HW input curent PayRe wv 
lig 4 “H” input current RESET, Xin, Xcin Vi=5V 





Vi=5V 
Vi=12V 


Ve=Vec—36V, VoL=V 
lon “L” output current POg~P07, P1o~P17, P4g~P47, P5o, P5; — aa 


‘| “H” input current P52/INT2, P53/INT 


|S Sere ye eae Pee ca B= . 





Vp= Vcec—36V, VoLt= Veco 36V 
at clock stop 


eed 
oO 
N © 
S (oe) 
qn s 
Ww © on 





Ne 

he 

lie 

lie 

he 

ly 

iT 

Te 

ly 

Nhe 

lou 

Vram RAM retention voltage 
Output pins open (output OFF) 
lee Supply current Vp=Vec, Vp=Vss Input’and 1/0 pins all at Vss 


Xin=4MHz (system operation) 





















X;=4MHz ceramic resonator 
X,=32. 768kHz quartz crystal 
C,=C2=30pF resonator 
Ry=1MQ 

C,=30pF 

R2=100kN 


Output pins are open 


Fig.3 Supply current test circuit 
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DESCRIPTION 

The M50964-PGYS is. an EPROM mounted-type micro- 
computer which utilizes CMOS technology, and is designed 
for developing programs for single-chip 8-bit microcompu- 
ters the M50964-XXXSP/M50963-XXXSP. It is housed in a 
piggyback-type 64-pin shrink DIP. 

There is a 28-pin socket on the package for the M5L2764K 
or the M5L27128K EPROM. 

The M50964-PGYS simplifies the development of programs 
for the M50964-XXXSP/M50963-XXXSP, and is excellent for 
making prototypes. 

The differences between the M50964- XXXSP and the 
M50963-XXXSP are only ROM size. 

Therefor the M50964- PGYS can be used for the develop- 
~ ment of programs for the M50964-XXXSP/M50963-XXXSP. 


PIN CONFIGURATION (TOP VIEW) 


Veco | 
AVss 

Reference Voltage Input Vaer 

D-A Output =D-A— 

PWM Output port. PWM — 

. P63 +— 

Output port P6é P6,/Q + 

| P6,/T — 

P4,/AN, +> 

P4¢/ANg > 

P4;5/ANs > 

| P44/AN, | @ As 
P43/AN3 **> | 

© A, 

P4,/AN> ++ | 

P4,+ ' @) A3 


ate | Ae 
P37/Srapy 
'@) Ay 


P3./CLK «> 
P35/Sout | Ao 
® Dy 


© Dy 
joo 


Oa, 
jo» 
1G) Ag 


1/0 port P4 


1/O port P3 


P32/INT2 +> 

P3, > 

‘P35 - 

Interrupt Input INT, re 
Reset Input RESET > 
Clock Input Xin > 


Clock Output = Xoyr 
Timing Output p+ 


Vss M50964-PGYS 


28-pin socket for EPROM 


a 
P62 +— ! fo Veco Nee @. | 


DISTINCTIVE FEATURES 

@ Differences with the M50964-XXXSP/M50963-XXXSP 
are: | 

(1) ROMless, EPROM is attached externally. 

(2) Suitable EPROM is the M5L2764K or the M5L27128K. © 


APPLICATION | 

Development of programs for the following systems; 
@ Office automation equipment | 

@ VCR, Tuner, Audio-visual equipment 


+> P2, 

+> P22 

+> P23 

+> P2, 
+> P2; 

= P2, ‘ 

+> P2 
Voc @1 FR. po, 
0 

Ai3 © @ | ++ PO, 
s | ++ PO 

Ag @) é 
| + PO; 

‘ Ag l —. PO, 


Ai @| pies 
6 
Vss @2) | > PO, 
Aio @}) | ++ Plo 
|, er, 
Vss 
D7 


1/O port P2 


1/O port PO 


+ PI, 
+ Pl, 
+ Pl, 
+ Pi, 
+ Pl, 
+> PI, 
— P5y, 
— P5, 
— P5, 
— P5, 
+ P5,/ED, 
— P5./EDs 
— P5,/EDe 
+— P5,/ED, 


I/O port P1 


Input port PS 


Outline 64S1M 


The symbol “©” indicates sockets for EPROM. 
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PIN DESCRIPTION 







































pom Name Functions 
Voc Supply voltage Power supply inputs 5V+5% to Vcc, and OV to Vgs. 
Vss | 
RESET Reset input Input To enter the reset state, the reset input pin must be kept at a “L” for more than 2us (under normal Voc 
conditions.) If more time is needed for the crystal oscillator to stabilize, this “L” condition should be main- 
tained for the required time. 
Clock input Input This chip has an internal clock generating circuit. To control generating frequency, an external ceramic ora 
quartz crystal oscillator is connected between the Xiy and Xour pins. If an external clock is used, the clock 
Clock output Output source should be connected the Xin pin and the Xour pin should be left open. 
fe Timing output Output This is the timing output pin. 
Interrupt input Input This is the highest order interrupt input pin. 
Voltage input for A-D This is GND input pin for the A-D and D-A converters. | 
and D-A 


Reference voltage 
input 


This is reference voltage input pin for the A-D and D-A converters. 













Vrer 


A This is output pin from the D-A convereter. 
M PWM output 

5 

O 





Output This is output pin from the pulse width modulator. 
The output structure is N-channel open drain. 


D- 
Pw 

Cae /O port PO 
P1 | 
P2 














Port PO is an 8-bit 1/O port with directional registers allowing each !/O bit to be individually programmed as 





input or output. At reset, this port is set to input mode. The output structure is N-channel open drain. 


Port P1 is an 8-bit I/O port and has basically the same functions as port PO. 
The output structure is N-channel open drain. . 


1/O port P1 1/0 


o™~ P27 | I/O port P2 









Port P2 is an 8-bit |/O port and has basically the same functions as port PO, but the output structure is 
CMOS output. 













Port P3 is an 8-bit 1/O port and has basically the same functions as port PO. When serial I/O is used, P37, 
P3g, P35, and P34 work as Srpy. CLK, Sout, and Sin pins, respectively. Also P33 and P32 work as CNTR pin 
and the lowest interrupt input pin (INT2), respectively. 


P39~P37 | I/O port P3 
















Port P4 is an 8-bit I/O port and has basically the same functions as port PO. P44,~P47 work as analog input 
port AN4z~AN7z. 


P59~P57 | Input port P5 Input Port P5 is an 8-bit input port. P54~P57 can be used as the edge sense inputs. 


Output port P6 





I/O port P4 











Output Port P6 is a 4-bit output port. At external trigger output mode, P69 and P6, are in common with the trigger 
input pin (T) and the trigger output pin (Q), respectively. 
_ The cutput structure is N-channel open drain. 





Ao™Ai3 Output port A 


These are for addresses to an EPROM mounted on the package. 












These are for input data from an EPROM mounted on the package. 
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BASIC FUNCTION BLOCK 


The differences between the M50964-PGYS and the 
M50964-XXXSP/M50963-XXXSP are noted below. The fol- 
lowing explanations apply to the M50964-PGYS. 

Specification variations for other chips are noted accor- 


dingly. 


Fig.1 


RAM 


(160 bytes) 


Zero page 





ROM 
(16K bytes) 


Special 
page for 
subroutine 


call 


Memory map 


MEMORY } | 
The memory map is shown in Figure 1. The M50964-PGYS 


is mounted an EPROM instead of an internal ROM. 
The address of an EPROM is C000,, ~ FFFFi., and this 
memory size is 16384 bytes. Other than these, the M50964- 
PGYS has the same functions as the M50964-XXXSP/ 
M50963-XXXSP have. . 


Decimal 


0000, 


Not used 


Address L 
Address H 
Address L 
Address H 
Address L 
Address H 


Address L 
‘Address H 
Address L 
Address H 


FFFF,, 





4 OOEBi, 


65535 


Address L 
Address H 


















Port PO 

Panto cusciont 
Port P1 

Pot eh es 

Port P2 = 


directional 
Port P2 register 


Port P3 


7 : 
pon Pa Meier: 
Port P4 

directional 
Port Pa eurgctione 
Port P5 


Port P5 latch 


| -OOEE,,] Port P6 
: OOEF ,« } Special function selection register 


\ OOFO,, | D-A conversion register 


00E8,, 
00E9\, 
\ OOEA i, 


o 00EC i, 
OOED,, 















\ OOF 1,, }Pulse width modulation register 


\ OOF 2, | Successive approximation register 


INTz 
S I/O or timer 2 : OOFB,,| Timer 2 
OOFCi, 
OOFDi., 
OOFE:, 
: OOFF 1, 





Timer 1 \ Timer X prescaler 
\ 

Timer X \ 

INT; : 


RESET 






Interrupt control register 


Timer control register 
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PROCESSOR MODE 

External memory area differs from the M50964-XXXSP/ 
M50963-XXXSP in the memory expanding mode. 

External memory map in the memory expanding mode is 
shown in Figure 2. 


External EPROM 


AK Port AN 


Internal RAM 


0000; 


Hatching indicates external memory area 





Fig.2 Memory map in memory expanding mode 


PRECAUTION FOR USE 


(1) 


In case of the M5L2764K or the M5L27128K EPROM 
use the following areas (refer to Figure 1): | 
@ For the M50964-XXXSP, usable ROM area are 
E800,5~ FFFF 46. | 
MSBL2Z764Kitte reece eas addresses 0800;5.~1FFFi¢ 
MSEST L2G Katies addresses 2800;5~S3FFFi¢ 
@ For the M50963-XXXSP, usable ROM area are 
D800,¢~ FFFF 46. 
MSELZFIZSK terrae seeeieees oes addresses 18001g~3FFFi¢ 
The M50964-PGYS has no options as the M50964- 
XXXSP/M50963-XXXSP. But, the M50964-PGYS can 
use the. STP instruction. 
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ABSOLUTE MAXIMUM RATINGS 





Supply voltage 



















: 
a a SAE 
PL oseverros Iw. 


==0..3713 


=0,3~13 
—(; 3~Voect0. 3 


+0. 3~13 




















< 


Input voltage Xin 
Input voltage P2g~P27, P42~P47 
Input voltage PQ9~P07, Plo~P17, P3o~P37 
P49, P4,, P5p~P5z, INT: 
Input voltage CNVss, RESET _ 
Output voltage P29>~P27, P42~P47, Xour, ¢, D-A 
Output voltage P0p~P07, Plo~P17, P30~P37 
P49, P4,, P6p~P63, PWM 











< 





With respect to Vss 
Output transistors cut-off 









< 










< |<< 





1000(Note 1 ) 











Power dissipation ° 








at eee ee Geet een meee tO a als Sea 


Operating temperature . 












RECOMMENDED OPERATING CONDITIONS (vcc=5v+5%, Ta= 









Storage temperature eee = 40~125 


f 


—10~70°C, unless otherwise noted) 





Limits 
Parameter 


= 


in. Max. 
75 


M 


Supply voltage 4. 


Reference voltage 


0 


lot‘ peak) 


loL(peak) 


lot(peak) 





. lot(avg) 


lo_vavg) 
lotvavg) 
lou( peak) 
lon(avg) 








“H” input voltage POg~PO07, P1g~P17, P29~P27 
P39~P37, P4p~P47, P5g~P57_- 
INT;, RESET, Xin, CNVss, P6o 

“H” input voltage POg>~P0; 

“L” input voltage POg~P07, Plo~P17, P29~P27 
P39~P37, P4g~P47, P5p~P5; 

. INT;, CNVsg, P6p | 
“L” input voltage RESET 
“L” input voltage Xin | 





Vee 
ai 
0.45Vec] | Woo |’ Vd 


0 0. 2Vec 








Ka output voltage POo~P07 7 

PO9™PO07, Plo~P17 

P2)~P2;, P3>~P37 

P49~P4; (Note 2 ) 

“L” peak output current P6y~P63 (Note 2 ) 

“L” peak output current PWM (Note 2 ) 

“L” average output current POg~P07, P1 o~P17 
P29~P2;, P3y~P37 
P49~P47, (Note 1 ) 

“L” average output current P69~P63 (Note 1 ) 








“L” peak output current 














“L” average output current PWM (Note 1 ) 
“H” peak output current P29~P2; (Note 2 





“H” average output current P29~P27 (Note 1 ) 








Fox) Internal clock oscillating frequency 
Note 1 : Average output current loc(avg) and lon(avg) are the average value of a period. of 100ms. 
2 : Total of “L” output current lo,, of ports PO, P1, P2, P38, P4, P6, and PWM is 80mA max. 
Total of “H” output current loy, of port P2 is 50mA max. 
3 : “H” input voltage of ports PO, P1, P3, P4g~P43, P5, and INT, is available up to +12V. 
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ELECTRICAL CHARACTERISTICS (Vec=5V, Vss=0V, Ta=25C, f(x,,)=4MHz, unless otherwise noted) 


Parameter 


Test conditions 





“H” output voltage P29~P27 

“H” output voltage ¢, Ag~Ai3 

“L” output voltage PO 9~P07, Pl9~P17, P29 ~P27 
P39~ P37, P4g~P47, P69~P63 


“L" output voltage %, PWM, Ao~Ai3 








Hysteresis INT, 
Hysteresis P33, . 


Vr+—Vr— | Hysteresis P3. 
Vi+—Vr— 


Hysteresis P33 

Hysteresis P65 

Hysteresis RESET 

Hysteresis Xin 

“L” input current POg~P07, Pl9p~P17, P29~P27 
P3p~P37, P4g~P47, P5p~P57 
P69~P63, PWM 

hie “L” input current INT), RESET, Xin, Do D7 

. “H” input current POg~P07, P1g~P17, P39~P37 

lH P4p~P43, P5g~P57, P6p~P63 

-PWM 


| “H" input current INT1, RESET, Xin, P29~P2z 
cs P4,~P47, Do~D7 





lon=—10mA : 


loL=5mA 


When used as CLK input 
When used as INT>2 input 
When used as CNTR input - 


Limits 





2 
es ee ae eee 


0.3 
0.3 0.8 

















When used as T input 


V;=0V 














Vi=12V 


Vi=5V 








Vram RAM retention voltage 





Supply current 


When clock stopped 


f(Xiny) =4MHz 


?, Xour, and D-A pins Square wave 


opened, other pins at 
Vss, and A-D converter 
in the finished condi- 
tion. 


Ta=25'C 








Ta=75C 











When clock stopped 


When clock stopped 


A-D CONVERTER CHARACTERISTICS (Vco=5v, Vss=AVss=0V, Ta=25C, foxyy)=4MHz, unless otherwise noted) 


Symbol Parameter 


Resolution 


Test conditions 


Vrer— Voc 


—+— 











Absolute accuracy 


Vrer—Voec 








Riapper | Ladder resistance value 


Conversion time 
Reference input voltage 
Analog input voltage 





Parameter 


Vrer= Voc 














Test conditions 





Resolution 


ee Voc 





Error in full scale range 


—_} 


Vrer— Vcc 





























Limits 














Vrer= Voc 








“Ro Output resistance 




















VREF Reference voltage . 


Vrer= Voc 
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DESCRIPTION ; 

The M87450PSS is .an EPROM mounted-type micro- 
computer employing a silicon gate CMOS process and was 
designed for developing programs for single-chip, 8-bit mi- 
-crocomputers M37450M2-XXXSP, M37450M4-XXXSP_ and 


M37450M8-XXXSP. The M37450PSS, being housed in a ~ 


piggyback-type 64-pin shrink DIP, is compatible with the 
~M37450M2-XXXSP, M37450M4-XXXSP and M37450M8- 
XXXSP. 

There is a 28-pin socket on the upper surface so that the 
M5M27C256K-12 or the M5M27C256K-15 EPROM may be 
used. | 7 
The M87450PSS simplifies the development of programs 
for the M37450M2-XXXSP, M37450M4-XXXSP and M37450 
M8-XXXSP and is excellent for making prototypes. 


PIN CONFIGURATION (TOP VIEW) 


P37/Srapy 
P36/Scik 
P3./T,D > 
P3,/R,D 
P33/PWMour 
" P3,/EV3 
- P3,/EV> 
P3,/EV, + 
P5,/DB, 
P5¢/DB. > 
P5,/DBs +> 
P5,/DB, ++ [a] | © *s 
P53/DB3 > | © As 
P52/DBz +> [4] | one 
P5,/DB, | 
P5)/DBo @D As 
oar | Az 
P6,/R + 
p6;,/cS [ig] | @ Ai 
rovte Bl | A 
P63/Proy ** | 
P6,/INT3 +> | D Do. 
PG, /INTs '® D, 
P6)/INT, +> 
awe | @® De 
SYNC + 
CNVss > 
RESET > 


I/O port P3 


1 A 
jos 


I/O port P5 


1/O port P6 


Read/Write status output 


Synchronous signal output 


Reset input 
Clock input 
Clock output 


Timing output 


- PIGGYBACK for M37450M2-XXXSP,M37450M4-XXXSP,M37450M8-XXXSP | 


28-pin socket for EPROM 


a em 
-—— ee 
oD Veo Voc al 


M37450PSS 
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DISTINCTIVE FEATURES are 
@® Differences with the M37450M2-XXXSP, M37450M4- 
XXXSP and M37450M8-XXXSP are: 
(1) ROMless, EPROM is attached externally. 
(2) Suitable EPROM is M5M27C256K-12, MSM27C256K 
-15, 


‘APPLICATION 


Development of programs for the following systems; 

© Slave controller for PPCs, facsimiles, and page printers 

@ HDD, optical disk, inverter, and industrial motor control- 
lers 

© Industrial robots and machines 


Voc 
—AVss _ 
— Vrer 
— D-A, 

— D-A, 

+ P4o/ANo 

— P4,/AN, 

+ P4,/AN> 

Aya @ I pare P0/Ao 

Ais ® | [55] ++ PO,/A; - 

4 +> P0./Az 

++ P03/A3 
> POs/A, 
++ P0;/As5 
+> P0./Ag 
++ P0,/A; 
++ P1,/As 
++ P14/Ag 
> P1/Aio 
> P13/Ay; 
+> P14/Ai2 
+ P15/Ai3 
+> P16/Aya 
+> P17/Ays 
++ P2,/Do 
++ P2,/D, 
++ P2,/D, 
+> P2,/D3 | 
+> P2,/D, 
++ P2./D5 ~ 
+> P2./Deg 
+> P2,/D, 


Reference voltage input 


D-A output 


Input port P4 


170 port PO 


\/O port P'1 


I/O port P2 


Outline 64S1M 


The symbol “©” indicates sockets for EPROM. 
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PIN DESCRIPTION 


Input/ . 
Name Functions 
Output . 


Power supply inputs 5V+10% to Vcc and OV to Vss. 


ee Controls the processor mode of the Chip. Normally connected to Vss or Vcc 


To enter the reset state, the reset input pin must be kept at a “L” for more than 2us(under nomal Voc 
Seta conditions). | 
RESET Reset input Input ; ) ; ae : so Als 
If more time is needed for the crystal oscillator to stabillize, this “L” condition should be maintained for the 
required time. 
Clock input These are I/O pins of internal clock generating circuit for main clock. To control generating frequency, ‘an 
external ceramic or a quartz crystal oscillator is connected between the Xin and Xour pins. If an external 
Clock output output clock is used, the clock source should be connected to the Xx pin and the Xour pin should be left open. 
pe | Timing output | ouout| Outputs signal consisting of oscillating frequency divided by four. 
SYNC 
— Read/Write . ix ees ‘ | : . 
R/W Output This signal determines the direction of the data bus. It is “H” during read and “L” during write. 
status output , 
. Port PO is an 8-bit I/O port with directional registers allowing each I/O bit to be individually programed as 
POg~ PO? | I/O port PO 1/0 input or output. The output structure is CMOS output. The low-order bits of the address are output except 
3 . in single-chip mode. 
| Port P2 is an 8-bit I/O port and has basically the same function as PO. Used as data bus except in single- 
P2o>~P2, | I/O port P2 ee eee oa a | P ? 


Port P3 is an 8-bit 0 port and has basically the same function as PO. Serial 1/0, PWM output, or even I/O 
function can be selected with a program. 






Supply voltage 


















Synchronous signal 
output 







This signal is ‘aoteui “H" during operation code fetch and is used to control single stepping of programs. 


Port P1 is an 8-bit I/O port and has basically the same function as port PO. The high-order bits of the 
address are output except in single-chip mode. 


















1/0 port P3 


P459~P42 | Input port P4 ~ 


P5o~P5z7 | 1/O port P5 


P69~P6; | I/O port P6 
D-A;, D- Ay Analog signal from D-A converter is scoliptl 
Y, Refference voltage 
REE input 
Analog power supply | Ground level input pin for A-D and D-A converter. 


psihes Output porttA. . Output Port A outputs the adresses to the EPROM mounted on the top of the package. 


Input portD .| Port D takes the input data from the EPROM mounted on the top of the package. 





Analog input pin for the A-D converter. They may also be used as digital input pins. 









Port P5 is an 8-bit I/O port and has basically the same function as PO. This port functions as an 8-bit data 
bus for the master CPU when slave mode is selected with a program. 





Port P6 is an 8-bit I/O port and has basically the same function as PO. Pins P63~P67 change to control bus 
for the master CPU when slave mode is selected with a program. Pins P69~P62 may be programed as ex- 
ternal interrupt input pins. . 















Reference voltage input pin for A-D and D-A converter. 
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EXPLANATION OF FUNCTION BLOCK 
OPERATION : : . 

The differences between the M37450PSS and the M37450M2 
-XXXSP, M37450M4-XXXSP and M37450M8-XXXSP are ex- 
plained below. As all other points are the same, only the 
differences are explained. | | 


RAM 
(192bytes) 





Zero page 


Reserved 


RAM 
(256bytes) 





Inhibited 


Not used 


External ROM 





(32K bytes) 


Special 
page 





Fig. 1 Memory map 


MEMORY 

The memory map is shown in Figure 1. Instead of an inter- 
nal ROM, an EPROM is mounted. The addresses of 
EPROM are 8000;¢ to FFFF,., having 32K bytes. Internal 
RAMs are provided from 0000;, to OOBFy,_ (192 bytes) and 
from 0100;¢ to 01FF;,_ (256 bytes) for a total of 448 bytes: 
However, the 64-byte area from 01C0,, to 01FF,, cannot be 
used when creating masked ROM. The rest of the functions 
are equivalent to the M37450M2-XXXSP, M37450M4- 
XXXSP and M37450M8-XXXSP. 


000014 

/ 00D14¢ |Port PO directional register _| PO directional register 
/ 0002. 
00D316 


00D4,,| Port P2 register 
00D5,.| Port P2 directional register 


000756 
00D8:¢ 
0009; | 
O0DAre 
00DB;«| Port PS directional register 


00D6 6 
OODC,.] Port P6 register | 

OODD;.] Port P6 directional register 
O0DE 16 
00DF 6 
Q0E0 6 
O0E 1g 
00E2 6 
00E3;4 
00E4+¢ 
O0ES16 
DEB 6 
00E7 16 
00E816 
00E9;¢ 
QOEAs6 
OOEBi¢ 
00EC,s| PWM register (higher-byte) _ | 
OOED;.6| Timer1 control register 

OOEEig [Timer2 control register | control register 
OOEF 16 | Timer3 control register 

OOF0,, |Timer1 register (lower-byte ) 
OOF115 | Timer1 register (higher-byte) 


00F 216 
- OOF 316 
00F 416 
O0FS1¢ 
OOF616 | Timer2 latch (lower-byte): 
O0F716|Timer2 latch (higher-byte) _. 
“OOF B16 
| 00E916|Timer3 register (higher-byte) 
\ OOFA1.| Timer3 latch (lower-byte) 
| OOFBy¢| Timer3 latch (higher-byte) |. 
| OOFC 
OOF Die 
OOF Ex, 
OOFFrg 
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PROCESSOR MODE ~ PRECAUTION FOR US 


External memory area differs from the M37450M2-XXXSP, (1) 
M37450M4-XXXSP and M37450M8-XXXSP. 

_ Figure 2 shows the external memory area when the 

- M37450PSS is in the memory expanding mode and Fig. 3 

shows the external memory area when the M37450PSS is in 

the microprocessor mode. : 


Internal RAM . 


| Internal RAM 


AA 


External EPROM 


FFFF 46 
Hatching indicates external memory. area. 


Internal RAM 





Internal RAM 


Hatching indicates external memory area 





Fig.3 Memory map in memory expanding mode 


Program area | s 2 

When developing programs on the M37450PSS, the 
ROM and RAM sizes of the M37450M2-XXXSP, 
M37450M4-XXXSP, and M37450M8-XXXSP must be 
considered. | 

For the M37450M2-XXXSP, use the M37450PSS ROM 
program area from F000, to FFFF.. (Write the prog- 
ram from 7000,, to 7FFF,,_ on the EPROM.) 

Also, when creating masked ROMs, note that the RAM 
area for the M37450M2-XXXSP is 128 bytes from 
00001, to 007F4.. 

For the M37450M4-XXXSP, use the M37450PSS ROM 
program area from E000, to FFFFi.¢. (Write the prog- 
ram from 6000,,¢ to 7FFFi, on the EPROM...) 

Also, when creating masked ROMs, note that the RAM 
area for the M37450M4-XXXSP is 192 bytes from 
0000,;, to OOBF,, and 64 bytes from 0100,, to 013F 4, for 
a total of 256 bytes. 

For the M37450M8-XXXSP, use the M37450PSS ROM 
program area from C0001, to FFFFig. (Write the prog- 
ram from 4000,, to 7FFF,, on the EPROM.) 

Also, when creating masked ROMs, note that the RAM 
area for the M37450M8-XXXSP is 192 bytes from 
0000;, to OOBF 16 and 192 bytes from 0100,, to 01BF 4, 
for a total of 384 bytes. | 
The 64 byte area from 01C0,, to O1FFig can also be 
used as internal RAM. However, it cannot be used 
when creating masked ROMs because there is no cor- 
responding device. 

External memory 

When developing programs, note that the external 
memory area of the M37450PSS is as described in the 
previous section. | 
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ABSOLUTE MAXIMUM RATINGS ee 
Parameter . . Conditions 


Voc Supply voltage 
V; _ | Input voltage RESET, Xin 

















Input voltage, POg~P07, Plp~P17, P29~P27 


P39~P37, P4g~P47, P5p~P5 | —0.3~Veco+0. 3 
a a 0 ; is u With respect to Vss co 





P6o9~P67, Varr ; 
Output transistors are at “OFF” state 
V; Input voltage CNVss | —0.3~13 
V 


| Output voltage, P0g~P0;, Ptp~P17, P2o~P2z | | | 
o P39~P37, P5p~P57, P6y~P6; 7 —0.3~Vecet0. 3 
| —. Xgur, ¢, R/W, SYNC | 
Power dissipation 1000 


Operating temperature —10~70 
Storage temperature —40~125 























; ; Limits 
Symbol Parameter , 


i i a 


“L” input voltage CNVsg (Note1) = 

“L” input voltage POp~P07, P1p~P17, P29~P27 
P3)~P3;, P4o~P47, PSp~P5, 
P6y~P67 (except Note1) 


Tv |e nputvoiage XSi] T Ve] 


_| “L” peak output current POg~P07, Plo~P17, P29~P27 10 " 
anpeal) P3y~P3z, P5y~P57, P6y~P67 


“L” average output current POg~P07, P19o~P17 


| Veo | 
| Vss | | 
“H” input voltage RESET, Xi, CNVss (Notet)  10.8Vcc] | Veo | OV 
“H” input voltage POg~P07, Plo~P17, P2p~P27 . 
P39~P37, P4g~~P47, P59~~ P57 2.0 Voc V 
P69>~P6, (except Note1) 
pve | 


Vcc 
Vss 
Vin 
Vin 

Vit 

Vin 

Vir | 
IL 


lonvavg) | P2y~P27, P3o~P3z 
i P59~P57, P6g~P67 (Note2) 


“H” peak output current POp~PO;, P19p~P17, P29~P27 
on(peak) P39~P37, P5y~P5z, P6y~P67 


“H” average output current POg~P07, Pip~P17 
lon(avg) P29~P2z, P39~ P37 
P5o~P57, P6g~P67 (Note2) 


f( Xin) Clock oscillating frequency 


Note 1 : Ports operate as INT,;~INT3(P69~P62), EV;~EV3(P39~P32), RxD(P34)and Soix( P36). 
2 : The average output current lon(avg) and lo.(avg) are the average value during a 100ms. 
3: The total of “L” output lo.(peak) of port PO, P1 and P2 is 40mA max. 
The total of “H” output lou(peak) Of port PO, P1 and P2 is 40mA max. 
- The total of “L” output lou(peak) of port P3, P5, P6, R/W, SYNC and ¢ is 40mA max. 
The total of “H” output lon(peak) of port P3, P5, P6, R/W, SYNC and ¢ is 40mA max. 








jake : MITSUBISHI 
- ELECTRIC 


MITSUBISHI MICROCOMPUTERS 


M374S50PSS 


PIGGYBACK for M374S50M2-XXXSP,M37450M4-XXXSP,M37450M8-XXXSP 





ELECTRICAL CHARACTERISTICS (vec = 5V+10%, Ves = OV, Ta = —10~70°, f(x.) = 10MHz, unless otherwise noted) 


Symbol Parameter Test conditions 
SFestcontone a 


Min. 

“HP output B/W, SYNC, ¢ j= enn 

“H” output voltage PQ o~P07, P19p~P17, P29>~P2 

Vou p g 0 7 0 7 0 7 ian | Ve 1 

P39~P37, P5g~P57, P6p~ P67 

“L” output voltage PO 9~P07, Plo~P17, P29~P27 
L P39~P37, P5g~P57, P69~ P67 lor-=2mA 
R/W, SYNG, ¢ | 

“L” output voltage POQo~P0;7, Plg~P17, P2o~P27 

L lop =5mA 

P39~ P37, P5o~P57, P69 P67 ; 


O 
O 
ro) 
re) 

lie 

lie 


V 
V 
V 


—_ 
Hysterisis INT;~INT3(P69~P62), EV;~EV3(P39~P3>) 
Function input level 0.3 


RxD( P34), Scrx(P3¢) ' 


Hysterisis RESET 
Hysterisis Xin 


“L” Input current POo~PQ7, Pl9o~P17, P29~ P27 
P39~ P37, P4p~P4,, P5o~ P57 
P69~P67, RESET, Xin 


je “H" Input current POg~P07, P19~P17, P29~P2; 


Vr+—Vr— 


P39~P37, P4g~P47, P5o~P57 
P6)~P67, RESET, Xin 


lee é At system operation . 10 A 
u curren m 
Ge PPly f(Xiy) =10MHz( Note 4) 


Note 4 : Only for M37450PSS (not contact in EPROM dissipation current). 





A-D CONVERTER CHARACTERISTICS (vec =5v, Vss= AVss = OV, Ta = 25°. foxy)= 1OMHz, unless sivewiee noted) 


| | Resolution 

ae 

Pteonv | Gonversintime ——SsSCS=~—~“~s*~*~‘“‘“S*~S*dSSCSC“‘(CS;SSOOOOCOCSCSCS 
FVia [Analog inputvotage——=Ss=~=“*‘“*S*S*S*S*~‘“‘“‘RSS*C*C“‘CSNSNC#”SC“C(#‘N#NNNCNNUNCN#*Wd 
Vuner | Reference analog inputvoltage —SSCS*~“‘~dSC“‘CSNSC#C#C#*C*C‘“‘“CNSC*C‘“‘(‘CS™S 
Analog power input 


















as EO SSCIWUONG ge oe ge ee eae el ee ee 

| —__| Abusolute accuracy [Voo=Vner=B12V00 | 

Setup time ae rs 

| Ro | i a ae 
! a 





aie aeeeE! 

Output resttanes SSS 
T vavas | Analog power input SSS 
| Wnae [Analog powerinpat” dT 









Reference power input current 
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DESCRIPTION | 

The M37450PFS is an EPROM mounted-type micro- 
computer employing a silicon gate CMOS process and was 
designed for developing programs for single-chip, 8-bit 
microcomputers M37450M2-XXXFP, M37450M4-XXXFP and 
M37450M8-XXXFP. The M37450PFS, being housed in a 
piggyback-type 80-pin plastic QFP is compatible with the 
M37450M2- XXXFP, M37450M4-XXXFP and M37450M8- 


_ XXXFP. 


There is a 32-pin socket on the upper surface so that 
EPROM may be used. 

The M87450PSS simplifies the seyret of programs 
for the M37450M2-XXXFP, M37450M4-XXXFP and M37450 
M8-XXXFP and is excellent for making prototypes. 











DISTINCTIVE FEATURES 

@ Difference with the M37450M2-XXXFP, M37450M4- 
XXXFP and M37450M8-XXXFP is: 
(1) ROMless, EPROM is attached externally. _ 


APPLICATION 

Development of programs for the following systems: 

@ Slave controller for PPCs, facsimiles, and page printers 

© HDD, optical disk, inverter, and industrial motor control- - 
-lers 


@ Industrial robots and machines — 





PIN CONFIGURATION (TOP VIEW) ¢ Ss 
S 35 : 
g 3 2 § 
ue oS Ss a 
b oD 2 
3 a 4 (£ 
o=O Oo <a Ww L——> 
>Sx kOe ww 
Hie EOIN Soe ce ta 
OdSa FSS SSSA TITF 
Zhae Gea >s <e¢ GA0a 
ttt ddd Se ae ae 
Slelalcls 






64] — P4,/AN,: 


1/0 port P3 | ry ee <— P4,/AN> 
| P39/EV, + Fy + P43/AN3 
P5,/DB, + L4] — P4,/AN, } Input port P4 
P5¢/DB, + P4,/ANs 
P5</DBs 6 | + P4,/ANe 
P5,/DB, + (7| + P4;/AN7 
1/O port P5 P53/DB3 a 8 | << POo/Ao 
P5./DBo + 9 | +> PO0,/A, 
P5,/DB, + +> P0Q./Ao 
P5o/DBy + < ++ P0s/As | 1/0 port PO 
P67/W ++ [12 i +> P0,4/A4 
P6/R + L!2 rm <J ++ P0s/As 
P6;/CS a U - P0.¢/Ag 
I/O port P6 P64/Ao +> On +> P07/A7 
P63/Prpy > ++ P1>/Ag 
P62/INT3 + = P1,/Ag 
‘P6,/INT. + P1o/Aio 
P6/INT, + > PIs/Aiy 
Write status output WR + ++ P14/A;2 1/0 port P1 
Read status output RD — + P15/A15 
Read/write status output R/W = ++ P16/Ai4 
Synchronous signal output SYNC + > P17/Ais5 


Reset.out RESETour * [74] 








NC 


> 
j=] 


Bibs. dede 9 ae. tach’ tobe 

O| O z FQ eo ON own + ON - © 

sie e622: = 2.008 oe 

Z| x Gadd dae 

Ojo ~~ S o aaa aaonha 
aa 2 

5 iS 2 3) Ny 

€ oe 2 © 

—_ _ Ee o 

$ og ¢£ ae The symbol “©” indicates socket for EPROM. 

c ee. . 
Outline 80S6M NC : No Connection 
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PIN DESCRIPTION 


Input/ 
Output 


Functions 


Name 


Power supply inputs 5V10% to Voc and OV to Vss. 





V 

picaivece 
Vss 
CNVss CNVss 


RESET Reset input Input 


Clock input Input 
Clock output Output 


SYNC Synchronous signal 
. output : 
R/W Read/Write 
status output 
- POg~~PO7 | 1/0 port PO 1/0 








Controls the processor mode of the chip. Normally connected to Vss or Vec 





To enter the reset state, the reset input pin must be kept at a “L” for more than 2us(under nomal Vcc 
conditions). 

If more time is needed for the crystal oscillator to stabilize, this “L” condition should be maintained for the 
required time. 








These are |/O pins of internal clock generating circuit for main clock. To contro! generating frequency, an 
external ceramic or a quartz crystal oscillator is connected between the X\y and Xour pins. If an external 
clock is used, the clock source should be connected to the Xjy pin and the Xour pin should be left open. 









Outputs signal consisting of oscillating frequency divided by four. 












This signal is output “H” during operation code fetch and is used to control single stepping of programs. 





*This signal determines the direction of the data bus. It is “H” during read and “L” during write. 


s 






. 





Port PO is an 8-bit I/O port with directional registers allowing each !/O bit to be individually programed as 
input or output. The output structure is CMOS output. The low-order bits of the address are output except 
in single-chip mode. 












Port P1 is an 8-bit 1/O port and has basically the same function as port PO. The high-order bits of the 


























I/O port P1 I/O 
POP address are output except in single-chip mode. 
, : P -bi icall | . Usex t in single- 
1/0 port P2 /0 on P2 is an 8-bit I/O port and has basically the same function as PO. Used as data bus except in single 
chip mode. 
. i -bi i i : i t, /0 
I/O port P3 0 Port P3 is an 8-bit I/O port and has basically the same function as PO. Serial |/O, PWM output, or even | 






function can be selected with a program. 7 


Input Analog input pin for the A-D converter. They may also be used as digital input pins. 


Port P5 is an 8-bit I/O port and has basically the same function as PO. This port functions as an 8-bit data 
bus for the master CPU when slave mode is selected with a program. 


. ‘Port P6 is an 8-bit |/O port and has basically the same function as PO. Pins P63~P67 change to contro! bus 
~P67, | !/O port P6 1/0 for the master CPU when slave mode is selected with a program. Pins P6g~P62 may be programed as ex- 
ternal interrupt input pins. 
D-A,;, D-A, | D-A output Output 
A-D refference 
D 
D-A refference 
D ; 
Analog power supply Ground level input pin for A-D and D-A converter. . | 
Analog power supply Power supply input pin for A-D converter. | 


oa Read signal output Output Control signal output as active “L” when vailed data is read from data bus. 
Write signal output ~ Output Control signal output as active “L” when writing data from data bus to external component. _ 


Output port A Output | Port A outputs the adresses to the EPROM mounted on the top of the package. , 









Input port P4 









~P5, | I/O port P5 I/O 





Oo 
- P6o 


Analog signal from D-A converter is output 





Reference voltage input pin for A-D converter. 






Reference voltage input pin for D-A converter. 








Control signal output as active “H” during reset. It is used as a reset output signal for perpheral compo- 


nents. 


Port D takes the input data from the EPROM mounted on the top of the package. 
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EXPLANATION OF FUNCTION BLOCK 
OPERATION | 
The differences between the M37450PFS and the M37450- 
M2-XXXFP, M37450M4-XXXFP and M37450M8-XXXFP are 


explained below. As all other points are the same, only the | 


differences are explained. 


RAM 
(192bytes) 


Zero page 


Reserved 


RAM 
(256bytes) 


Not used 


. External ROM 
(32K bytes) 


Special 
page 


‘ 


Fig. 1 Memory map 


SFR 


Inhibited - . 





MEMORY 

The memory. map jis shown in Figure 1. Instead of an inter- 
nal ROM, an EPROM is mounted. The addresses of 
EPROM are 8000;¢ to FFFFi.¢, having 32K bytes. Internal 
RAMs are provided from 0000,,¢ to OOBF;, (192 bytes) and 
from 0100;¢ to O1FF;, (256 bytes) for a total of 448 bytes. 
However, the 64-byte area from 01C0,, to 01FF,,_ cannot be 
used when creating masked ROM. The rest of the functions 
are equivalent to the M87450M2-XXXFP, M37450M4- 
XXXFP and M37450M8-XXXFP. | 


/00D046 

/ 00D116{ Port PO directional register__| 
/ 00D2,.6{ Port P1 register 7 
00D3,6| Port P1 directional register 

00D4,|Port P2register 

0005;.| Port P2 directional register} 


00D7;6| Port P3 directional register__| 
Q0D816[Port P4 register 
00D9¢ | 
QODA,.|Port PS register 


00DB,,] Port P5 directional register 
00DC,.] Port P6 register 


OODE;.6| MISRG1 

OODF | MISRG2 
O0E0ie[D-A1 register 
Q0E1;e[D-A2 register sid 
00E2,<[A-D register SSCS 


00D6,.] Port P3 register 


00E3;_{A-D control register 
00E4 16 
00E5;<[Data bus buffer status register _| 
00E6.|Receive/transfer buffer register| 
00E7;<[Serial 1/0 status register 
00E8,¢|Serial 170 control register | 
00E 914 
OOEA;,[Baud rate generator 
00EB,. 
QOEC,6| PWM register (higher-byte) | 
QOED,<{Timert control register 
OOEE,,.|Timer2 control register 
QUEF;<|Timer3 control register 
00FO;¢ 
00F1,6[timert register (higher-byte) _| 
00F2,|Timeri latch (lower-byte) _| 
OOF3,6[Timert latch (higher-byte) __| 
00F4,6{Timer2 register (lower-byte) | 
00F516|Timer2 register (higher-byte) | 
Q0F6,,|Timer2 latch (lower-byte) | 
QOF71¢[Timer2 latch (higher-byte) 
00F8,6[Timer3 register (lower-byte) | 


OOFA;6} Timer latch (lower-byte) 
l OOFC,,) Interrupt request register1 
| 00FD,<{ Interrupt request register2 | 


| 
\OOFE 16 Interrupt control register1 
‘OOFF,.|interrupt control register2 
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PROCESSOR MODE 
External memory area differs from the M37450M2-XXXFP, 
M37450M4-XXXFP and M37450M8-XXXFP. 
Figure 2 shows the external memory area when the 
M37450PFS is in the memory expanding mode and Figure 
3 shows the external memory area when the M37450PFS is 
in the microprocessor mode. 


Internal RAM 
Internal RA 





Internal RAM 
Internal RAM 


FFFF 46 


Hatching indicates external memory area 





Fig. 3 Memory map in microprocessor mode 


PRECAUTION FOR USE 


(1) 


‘Program area . 


When developing programs on the M37450PFS, the 
ROM and sizes of the M37450M2-XXXFP, M37450M4- 
XXXFP, and M37450M8-XXXFP must be considered. 
For the M37450M2-XXXFP, use the M37450PFS ROM 
program area from F000,,¢ to FFFFi,. (Write the prog- 
ram from 7000,,¢ to 7FFFig on the EPROM.) 

Also, when creating masked ROMs, note that the RAM 
area for the M37450M2-XXXFP is 128 bytes from 
00001, to 0007F4.. 

For the M37450M4-XXXFP, use the M37450PFS ROM 
program area from E000, to FFFF,,. (Write the prog- 
ram from 6000,, to 7FFF,, on the EPROM.) 

Also, when creating masked ROMs, note that the RAM 
area for the M37450M4-XXXFP is 192 bytes from 
0000,, to OOBF,, and 64 bytes from 01004, to 013F 4, for 
a total of 256 bytes. . 

For the M37450M8-XXXFP, use the M37450PFS ROM 
program area from C0001, to FFFFi.. (Write the prog- 
ram from 4000,,¢ to 7FFFi¢ on the EPROM.) 

Also, when creating masked ROMs, note that the RAM — 
area for the M37450M8-XXXFP is 192 bytes from 
00001, to OOBF,, and 192 bytes from 01001, to 01BFi, 
for a total of 384 bytes. 

The 64 byte area from 01C0,;, to 01FF,, can also be 
used as internal RAM. However, it cannot be used 
when creating masked ROMs because there is no cor- 
responding device. a: 

External memory | 

When developing programs, note that the external 
memory area of the M37450PFS is as described in the 
previous section. | | 
EPROM orientation 

Figure 4 shows .the. orientation when mountting the 
EPROM on the M37450PFS. Insert the EPROM firmily 
until it hits bottom. | 
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M37450PFS 


onthe package _ 


‘Index on the socket 





Fig. 4 EPROM orientation 
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ABSOLUTE MAXIMUM RATINGS 


Wien a Input voltage RESET, Xin 


: Input voltage, PO o~ P07, Pto~P1y, P29~P27 
P3y~P37, P4p~P4z, P5p~PS5 
De Nie Pg tars ye" pa With respect to Vss. 
; P69~P67, ADVarr, DAVarr, AVcc 


Output transistors are at “OFF” state 
PVM Input voltage CNVss 


Voc 
Vi 
Vi 
Vi 
Output voltage, POo~P07, Plop~P17, P290~P27 
Vo P39~P3;, P5o~P5r, P60~ P67 
Xour, ¢, RD, WR, RESETour, SYNC 
Operating temperature 
Storage temperature 





RECOMMENDED OPERATING CONDITIONS (vcc = 5v+10%, Ta = —10~70°, unless otherwise noted) 


= 
Symbol Parameter 
sme | ram ene ae 


| Vco __| Supply voltage 5 
| Vss___| Supply voltage 
“H” input voltage RESET, Xin, CNVss_(Notet .8Vcc] | Voc | Vv 


Voc 
Vss 
: “H” input voltage POgp~P07, P19p~P17, P29~P27 
Vin P39~P37, P49~P4;, P5o~ P57 2.0 Voc V 
P6)~P67 (except Note1) 
IL 
IL 
Vit 
Vin 


V 


Mii 
“L” input voltage PQg~P07, Plo~P17, P29~P27 
| P3y~P37, P4y~P47, P5p~P57 V 
. P6)~P67 (except Note1) 
Pvc | aimputvonagereset SS SSCSC*dCC «deol 
Mies 2 ; 


“L” input voltage Xin 


“L” peak output current POg~PQ7, P19~P17, P29 ~P27 
P3o~ P37, P5go~P57, P6g~P67 
“L” average output current PQg~P07, Plo~P17 : 
P5p~P57, P6p~P67 (Note2) 
“H” peak output current POg~P07, Plo~P17, P29 ~P27 
P39~P37, P5p~P57, P6p~ P67 


“H”" average output current POp~P07, P19~P17 





lon(avg) P29~P27, P39~P37 





Note 1 : Ports operate as INT;~INT3(P6)~P6,), EV;~EV3(P39~P32), RxD(P3,)and Soi (P3¢). 

2: The average output current lon(avg) and lo.avg) are the average value during a 100ms. 

3: The total of “L” output lo.(peak) of port PO, P1 and P2 is 40mA max. 
The total of “H” output loH( peak) of port PO, P1 and-P2 is 40mA max. ee eee 
The total of “L” output lo. (peak) Of port P3, P5, P6, R/W, SYNC, RESEToyr, RD, WR and ¢ is 
40mA max. ~~ 2G 
The total of “H” output lon(peak) Of. port P3, P5, P6, R/W, SYNC, RESETour, RD, WA and ¢ is 
40mA max. 
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ELECTRICAL CHARACTERISTICS (Veo = 5V+10%, Ves = OV, Ta = —10~70°, f(x,y) = 10MHz, unless otherwise noted) 


Symbol Parameter 


ab output Waigee Pae~POy Plo~P1y,, Ee 
30™ P37, P5o~ P57, P69 P67 


ee output voltage PO p~P07, Plp~P17, P29~P27 
: ; P39~ P37, P5o~P5r, P69~ P67 lop=2mA 
_. _ R/W, RD, WR, SYNC, RESETour, ¢ 
“L" output voltage PO0g~P07, P1p~P17, P2o~P27 
oL=5mA 1 Vv 

P35 P37, P59~ P5z, P69~ P67 
Hysterisis INT;~INT (P69~P62), EV;~EV3(P39~P32) 
Vr4—- Vr 4 Sere : sere ; Function input level 0. 1 V 
RxD(P34), Scrx(P3¢) ; 


| Vr4—Vr— | Hysterisis RESET 
Hysterisis Xjy 


“L” Input current POp~P07, P1p~P17, P2o~P27 
P39~P37, P4g~P47, P5p~P57 
P6y~P67, RESET, Xin 

“H” Input current POg~P07, P19~P17, P29>~P27 
P39~P37, P4g~P47, P5p~P57 
P69~P67, RESET, Xin 


RAM retention voltage At stop mode 


At system operation 
Supply current 
f(Xin) =10MHz( Note 4) 


Note 4 :. Only for M37450PFS (not contact in EPROM dissipation current). 





A-D CONVERTER CHARACTERISTICS (Vec=AVec=5V, Vss=AVss=0V, Ta=25C, Ss otherwise noted) ; 


ee ee 
|__| Absolute accuracy Voo=AVoc=ADVrer=5. 12V 
Win 4 Analog input voltage 





D-A CONVERTER CHARACTERISTICS (Voc = 5V, Vss = AVss = OV, Ta = 25°C, unless otherwise noted). 


pee agian tore meen 
ere fl Abusolute accuracy Voc=DAVper=5. 12V | 


teu [Setuptme 
Po | Ouputresitance 


IDAVREF Reference power input current 
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DESCRIPTION | 
The M50746E-XXXSP is a single-chip microcomputer de- 
signed with CMOS silicon gate technology. It is housed in a 


PIN CONFIGURATION (TOP VIEW) 













64-pin shrink plastic molded DIP. The features of this chip Botan o cl a 
are similar to those of the M50746-XXXSP except that this ae y ae oe. 
: : , aa REF * Fe2/De 
chip has a 49152-bit (6144 words X8 bits) EPROM built in. DeAvouiput D-A— + P2,/D; ioe 
This single-chip microcomputer is useful for home electric- - Pulse width PWM + +> P2,/D, — 
al appliances and consumer appliance controllers. eireuteten Pay ++ P2,/Ds 
In addition to its simple instruction sets, the EPROM, RAM, Output P62 ++ P2,/Dg 
and |/O addresses are placed on the same memory map to pene? P6; + +> P27/D7 
enable easy programming. Since general purpose EPROM P69 + + POo/Ao 
writers can be used for the built-in EPROM, this chip is P47 /AN? «* => POZA 
suitable for small quantity production runs. pate he oon VO 
The M50746ES and the M50746EFS are the window type. See | Pee a 
The differences between the M50746E-XXXSP and the 1/0 port P4 ‘. ates = gy ae Pe 
MS0746E-XXXFP and between the M50746ES and the P4,/CE > 2 3 +> P0¢/Ag 
MS0/746EFS are the package outline and the power dis- | P4,/OE + oe > P07/A; 
sipation ability (absolute maximum ratings). P4,/PGM ++ PSM Ll Pto/Ag 
P3; + oF eS +> P14/Ag 
FEATURES Pg + a: Ee Sr PUIG a. 
e Number of basic instructions:-+++++++* er ote rer ner 69 P3, +> U > P13/Ay4 Sot 
® Memory size EPROM crests 6144 bytes is | | P3, ++ > PIA/Ai2 | py 
7 Por PS | p3/CNTR + > PIs/A 
; RAM. eee eercecccccene Response aetna 144 bytes 3 panier 5/7F\13 
@ Instruction execution time ae a 7 ao 
veseees 2us (minimum instructions at 4MHz frequency) oe aut os . 
F 0 aia 0 
e Single power supply iuGamerssd map eeanheredawuss eae Tesedes ¢ 5V+5% fnteruptinput int, > <= pe: 
@ Power dissipation CNVss/Vpp + P5, 
normal operation mode (at 4MHz frequency) ---- 15mW Reset input RESET > pe Input 
——. rt 
@ Subroutine nesting ve 72 levels (Max.) Clock input = Xjy — P5,/ED: | pe 
1) [LEER Teer ert erereen eset sss weteresea-ate 6 types, 5 vectors : Clock output Xout — + P5s/EDs 
@ B-Dit timer ccc ee nee ita wins 3 Timing output ¢ —. a P5¢/EDg 
@ Programmable I/O ports (Ports PO, P1, P2, P3, P4)-::: 40. | Vss +— P57/EDz 
e@ Input ports (Port P5) Shay ¥ oie ta.loue [Br 68a BGbTW ay AOU wore le Le ay éreuew WES o lelMnera elelene NON tate 8 O tH 64P4B (OTP) 
®@ Output ports (Port P6) nal Ainhd ein asian sip henna nin die aNs gee aae Ree ee AMA eR 4 u ine 64S1B (Window) 
@ A-D converter-:: sss 8-bit successive approximation Be J wad ee ade ere em 
Q0 <¢d@dedddccetcdcrcetctctcce 
@ D-A converter hy SENT HOR Or ATH ORYO 
a rene SAZEPRELELLALALALAaSE 
Be ee Po ee at 
@ Watchdog timer [ag] aefar|[aelfasl[aa][aal|az}fan|fag . 
@ EPROM (equivalent to the M5L2764) | P2./Ds +> — P5, 
inition anaes ‘suber tndeatanae wepetughiwaniewes P2,/D4 + + P5. 
program voltage:**"*: 21V P2./D, «+ [oo = P5, 
| | P2,/Do + [61 _ | | + P54/ED, 
APPLICATION a ep TpoeeRs 
; isn eau | pono M5746E-XXXFP *— P5e/EDs 
Office automation equipment NC . 30] <— P5,/ED, 
VCR, Tuner, Audio-visual equipment | Vss or Vss 






M50746EFS» 





NTR ++ 


P33/C 






> od 
a) 


O n ( 7 
utline 72S6 (Window) NC : No connection 


~] 
NO 
U 
oO) 
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MS50746E-XXXSP BLOCK DIAGRAM 


Clock input Clock output Timing output — Interrupt input. Reset input (5v) (OV) (OV) 
Xin : Xourt- ¢ : INT, . ’ RESET Voc Vss CNVss 






Clock generator 












circuit . 
















Processor 








Program Program Stack . 










, _ status 
: Watchdog timer _ register 
| PS (8) 


counter counter pointer | 
PC.4(8) PC. (8) S(8) 


Instruction 
register (8) 

Instruction 
decoder 





8-BIT 
Arithemetic 
















RAM CONTROL SIGNAL 


144 bytes. 


EPROM 
6144 bytes 















Presceler Timer X 
TX(8) 


Index PRExX (8) 


register 


Index 
register 











and 
logical unit 


Accumulator 















if 
—— | 
Be - 


di/dSXXX-9PZLOSIN 4° NOISUSA WOUdas 


S44a/SA9PZOSIN 





| pals) | pa) | | pats) 
lint 
(8X9) CHAHSH2)-B369BSBECIEIEIED COLMAN KD UM DISN SOLD IHRICVEHEHEIES CIRSRIENEVERE IES HEZCY See DEE DE DYE, EIEIEDEIOIOIESHOS- 6565 
ae port PWM D-A Vrer AVss Input portP5 Input port P5 - VOpotP4 | port P4 VO port P3 port P3 VO port P2 port P2 O po ort VO pot Pt VO portPO port PO 


P6 


dj/dSXXX-39¢Z0SIN 
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FUNCTIONS OF M50746E-XXXSP | | 









Number of basic instructions Pe a ee eee a ene ee 2d 
Instruction excution time 2s (minimum instructions, at 4MHz frequency) 


EPROM 6144bytes (Note 1) 
Memory capacity 


iw bid 
epee PO, P1, P2, P3, P4 Input/output 8-bitX5( portion of P3 used with timer [/O and interrupt input) 
ports 


a 





Pulse width modulator 8-bitX 1 


Watchdog timer 15-bitX1 
Subroutine nesting 72\evels (max) 
_{H nterrupt . 2external interrupts, 3internal timer interrupts | 











I/O characteristics 
; 
patags M50746ES . Mundow type 64-pin shrink ceramic DIP 
MS50746EFS 72-pin ceramic QFP_ 


Note 1 : The EPROM programming voltage is 21V (equivalent to the M5L2764). 


y | 
Clock generating circuit Built-in (externally connected ceramic or quartz crystal oscillator) 
, , s ! 5 ’ ) 
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PIN DESCRIPTION 


Voc Singl-chip 
| Vgg /EPROM 









Input/ 


Functions 
Output 








Supply 5V+5% to Voc and OV to Vss. 


Connect to OV. 


.| Connect to Vpp when programming or verifing. 









Power supply 


CNVsgs input 











Vpp input 














Single-chip RESET input To reset, keep this input terminal low for. more than 2us (min) under normal Voc 





conditions. If more time is needed for the crystal oscillator to stabilize, this “L” con- 
dition should be maintained for the required time. 


RESET input Connect to Vsgs. 





Connect a ceramic or a quartz crystal oscillator between Xjj and Xour for clock 
oscillation. If an external clock input is used, connect the clock input to the Xin pin 
and open the Xour pin. 


Single-chip. 
/EPROM 









Clock input 


Clock output 















Single-chip 
/EPROM 


Single-chip Interrupt input Input . 7 
EPROM Interrupt input Input Connect to OV. - . 


P0o~ PO, Singl-chip _| 1/0 port PO | vo 





Timing output For timing output. 















Interrupt input INT. 













Port PO is an 8-bit I/O port with direction registers which can program each bit as 
input or output. It is set to input mode at reset.. The output format is N-ch open drain. 


EPROM | Address input Ayg~Az Input PO works as the lower 8 bit address input (Ap~Ay). . 
Single-chip 1/O port P1 ge 1/0 Port P1 is an 8-bit 1/O port which has the same function as Port PO. 


Address input Ag~Aj2 Input _| P1g~P14 works as the higher 5 bit address inputs (Ag~ Ajo). 
. : . Connect P1s~P17 to Vcc. 
Single-chip I/O port P2 ‘| Port P2 is an 8-bit I/O port which has the same function as Port PO. The output for- 
mat is CMOS. 
Data input/ /O Port 2 works as an 8 bit data bus (Do~D7y). 
output Do~D7 


1/O Port P3, is an 8-bit I/O port, has the same function as Port PO. P33 and P32 are com- 
monly used with I/O pin CNTR of timer X and the lowest interrupt input INTo2, re- 
spectively. 

1/0 

























Single-chip I/O port P3 





Input Port P3 


ConnecttoOV. . | 
; Port P4 is an 8-bit |/O port which has the same function as Port PO. Ports P47~P4, 
are common with Analog inputs AN7~ANg4. 
Input P4>, P4,, P49 work as CE, OE and PGM inputs, respectively. | 
Connect P4s~P47 to OV and P44 and P43 to 5V. 
imout | Connect to OV. | ; 


Output Port P6 is a 8-bit output port. The output format is N-ch open drain. . 
Output port Output Connect toOV. 














Single-chip 1/O port P4 








Select mode 












Single-chip Input port 


Port P5 is an 8-bit input port. Ports P57~P5,4 have edge sence functions. 








Input port 












Single-chip Output port 
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PIN DESCRIPTION 


F Input/ 
Terminal Name 
Output 
AVss Single-chip Analog voltage input input | GND pin for the A-D and D-A converters. 
-- eprom | Analog voltage input input Connect to OV. 


Vrer Single-chip Reference voltage 
input 


Reference voltage 
input 







Functions 

















Referrence input for A-D and D-A converters. 



















Connect to OV. 


Fre Jereien [ome omen 
a 
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EPROM MODE | . | Table 1 Pin function in EPROM piograming mode 


The M50746E-XXXSP features an EPROM mode in addition [| _MSO746E-XxXSP/FP_|—siMSLO764_—Sd 
to its normal modes. When the RESET signal level is low ee 
(“L”) , the chip automatically enters the EPROM mode. [Veep | CNV sc/Vep | Ve 
Table 1 list the correspondence between pins and Figure 1 [ea eee“ RGREE Herma ee 
and Figure 2 give the pin connections in the EPROM mode. 
When in the EPROM mode, ports PO, P1, P2, P4g~P45, and 


CNVss are used for the EPROM (equivalent to the a 






M5L2764). When. in this mode, the built-in EPROM can be 
written to or read from using these pins in the same way as 
with the M5L2764. The oscillator should be connected to 
the Xin and Xoyr pins, or external clock should be. con- 
nected to the Xj pin. 





++ P2,/Do 

++ P2,/D, 

++ P2,/D, 

++ P2,/D3 

++ P2,/D, ————,) 

++ P2,/D; ———{©s) 

++ P2¢/Dg ————() 

++ P27/D7 ——(0;) 

— P0o/Ao 

= PO/A; 

— P0,/A> 

~ P03/Ay ————(s): 

+ PO,/A4 

+— P0s/As 

— P0¢/Ag 

+ P0;/A; 

+ P1/As 

+ P1,/Ag 

= PA 9/Ayo ———@g) 

+ P19/Ay; ———@) Vee 
— P14/Aya——@) 

— Pls 

Pleo 

— Pt, 
— P5, 
— P5, 
— P5, 
— P53 
+ P5,/ED, 
+ P5;/EDs 
— P5,/ED, 
<— P5;/ED; 


< 
ar 


P4,/AN, > 
P46/ANg > 
P45/ANs > 
P4,/AN4 — 

P4,—> 
(CE)}———-. P4,/CE > 
P4,/OE — 
P4)/PGM —> 


P3,— 


SA9rZ0SW 
JO 
dSXXX-39PZOSW 


P33/CNTR 
P3./INT> > 


INT, > 


CNVss/Vpp =, 


‘RESET — 
Ceramic 6a a 


oscillating 
circuit -——Xout = 


p— 


@s3——V 
Vee Ss 





C) : Same functions as M5L2764 





Fig.1 Pin connection in EPROM programming mode(M50746E-XXXSP, M50746ES) 
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© 
es) 
® 
© 
o 
o) 
® 
S 
©) 
© 
@) 
re) 


++ P2,./Dg5 
+ P27/D7 


uw 
LS] 

Ww 

fon) 


+ P5,4/ED, 

ioe P5;5/EDs 

M50746E-XXXFP — P5¢/EDs 
+ P5,/ED; 


OOOOL® 


or 


1G 


M50746EFS — Xoyy—— © Ceramic 
oscillating 


— Xin circuit 
« RESET 


CNVgs/Vpp ———(es) 
NG . 
NC 


NTR <> 


P33/C 





Cc») : Same functions as M5L2764 





Fig.2 Pin connection in EPROM progamming mode (M50746E-XXXEFP, M50746EFS) 


J 
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EPROM READING, WRITING AND 
ERASING | [> | 
Reading ~ Be ue A 
To read the EPROM, set the CE and OE pins to a “L” level, 
and the PGM pin to a “H” level. Input the address of the 
data (Ag~Aj2) to be read and the data will be output to the 
1/0 pins Do~ D7. The data I/O pins will be floating when 
either the CE or OE pins are in the “H” state. 


Writing | | %. 


To write to the EPROM, set the CE pin to a “L” level and. 


the OE pin to a “H” level. The CPU will enter the program 
mode when Vpp is applied to the Vpp pin. The address to 
-be written to is selected with pins Ag~Aj2, and the data to 





be written is input to pins Do~D7. Set the PGM pin to a “L” | 


level to begin writing. 


Notes on Writing 


When using an EPROM writer, the address range should 


be between 0800;,. and 1FFF,.. When data is written be- 
tween addresses 000016 and 1FFF4., fill addresses 0000,, 
to O7FFi¢ with 00j.. 


Erasing | 
Data can only be erased on the M50746ES and the 
M50746EFS ceramic package, which includes a window. 


To erase data on this chip, use an ultraviolet light source — 


with a 2537 Angstrom wave length. The minimum radiation 
power necessary for erasing is 15W:s/cm?. 


Table 2 


tote 


I/O signal in each mode 










Vit 





Programming verify 
Program disable 


Note 1 : Vy and Vj, indicate a “L” and “H” input voltage, respectively. 
2 : An X< indicates either Vi or Vin. 





Cc 
PP | 


NOTES ON HANDLING 

(1) Sunlight and fluorescent light contain wave lengths 

- capable of erasing data. For ceramic package types, 
cover the transparent window with a seal (provided) 
when this chip is in use. However, this seal must not 
contact the lead pins. ; 

(2) Before erasing, the glass should be cleaned and stains ~ 
such as finger prints should be removed thoroughly. If — 

_ these stains are not removed, complete erasure of the 

data could be prevented. 

(3) Since a high voltage (21V) is used to write data, care 
should be taken when turning on the EPROM writer’s 
power. 





Datal/O 
(57~64) 


. 






Voc Output 
Voc Floating 
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ABSOLUTE MAXIMUM RATINGS 









Vcc 

V; 

Vi 
P5o9™P5z7, INT, With the output transistor cut-off on 
Vi - 
Vo | 
Vo 


[Min 

eed 

ef Output voltage P0g~P07, P1p~P17, P89~P37, P4y~P 43, . gaits 
P69~P63, PWM : 


V 
Output voltage P29~P2, P44~P4z, Xour, %, D-A 
[Pa | Powerdissipation ——SSSCS~diC QB iO00(Note2)_———| mw 
Epstein temperate CSS 10~70 c 
| Tstg | Storagetemperature | —40~125 c 


Note 1 : In EPROM programming mode, CNVszg is 22. 0V 
Note 2 : 300mW for QFP types. 







RECOMMENDED OPERATING CONDITIONS (vcc=5v+5%, Ta=—10~70°, unless otherwise noted) 


Limits . 


























Min. | Nom. | Max. 
Supply voltage 
Supply voltage ae ee eee ee ee 
[Vaee | Reterenceoiage ——=SS=S=~=“*‘~*~*~*~*~*séidCSC“‘Y*UOUW#*~*dé‘C~CWne'« | ~SVC* 
“H” input voltage POQg~P07, Plop~P17, P29~P2;, . 
SSeS | el 
INT;, RESET, Xin, CNVsg 
. “L” input voltage POg~P07, Plo~P17, P2o~P2z, | 
P39~ P37, P49 P47, P5o~P57, pe 
INT,, CNVss . 
“L” input voltage RESET 2 30: | 
; 


















fev | 
0.16Vccl Vd 













10 
15 
5 












V 
V 
mA 
mA 
mA 
mA 
mA 











“L” peak output current POg~P07, Plo~P17, 
P29~P27, P39~~ P37, 
lo.(peak) 
(Note 4 ) 
“L” peak output current P6g~P63 (Note 4 ) PT 
P29~ P2;, P39~ P37, 
P49~P47, PWM 
“L” average output current P6g~P63 (Note 3 ) a aa 
Internal clock oscillating frequency ae eee 4 MHz 
Note 3 : The average output currents lov(avg) and lon(avg) are the average value of.a period of 100ms. 
exceed 80mA. 
Do not allow the combined high- level output current of port P2 to exceed 50mA. 


“L” input voltage Xin a. ee 
P4>~P4;, PWM Z 
“L” average output current POg~P07, Pip~P1z, 
lot(avg) 
(Note 3 ) 
“H” average output current P29>~P27 (Note 4 ) — 
4 : Do not allow the combined low- level output current of ports PO, Pl, P2, P3, P4, P6, and PWM to 
5 | “H” input voltage of ports’ PO, P1, P3, P49~P43, P5 and INT, is available up to +12V. 
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ELECTRICAL CHARACTERISTICS (Ta=25°C, Veo SV. Vss=OV, fixjy)=4MHz, ‘unless cinennisé noted) 


| eVeu: _i “H” output voltage P29~P2, lon=—10MA 
| “H” output voltage ¢ . lox=—2.5mA 
| “L” output voltage POg~P07, Pig ~P17, P29~P27, 


‘ P3q~ P37, P4)>~P47, P6g9~P63, . 
PWM : 





Unit 



































Voi loL=10mA 


“L” output voltage ¢ lop =5mA 

Hysteresis INT, 

Hysteresis P32 When used as INT2 input . 
0.5 


V+4—Vr— | Hysteresis P33 - When used as CNTR input 
Vr4+—Vy7— | Hysteresis RESET . 
Vr4+—Vy— | Hysteresis Xin , 
“L” input current POg~P07, P19p~P17, P29~P27, 
P39~P37, P4g~P47, P5p~P5z, 
P69~P63, PWM 
“L” input current INT}, RESET, Xi V.=0V 
“H” input current POg~P07, P19~P17, P389~P37, 
| P4o~P43, P5p~P5y, 
P6y~P63, PWM 
“HY input current INTh, RESET, Xin, P2o™~P 27, 


P44~P4, 


RAM retention voltage | When clock disabled 















































Bs 
> 











Bi 
> 








Rg 
> 

































% Xour, and D-A pins | fix) =4MHz a ‘ 
opened, other pins at | Square wave 
Supply current Vss, and A-D conver- eee ae i 
ter in the finished | at clock stop 


A-D CONVERTER CHARACTERISTICS (1a=25¢, Voo=5V, Ves=0V, foxjy)=4MHz, unieas: cnenwiee nsied) 


[= Tatsote pression de Vogs 
Meas Leotennine 
Wage [Reference votge SS 
















=f eirorin un soale range SSCS eggs 
tag seuptime «deg 
GS a ES 
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TIMING REQUIREMENTS 7 
Single-Chip mode (Ta=25C, Vec=5V45%, Vss=0V, fix,.)=4MHz, unless otherwise noted) 


thi g—ps3p) Port P3 input hold time 

th( ¢—p4pb) Port P4 input hold time 
th(g—psp) . | Port P5 input hold time 

re External clock input cycle time 
Ww External clock input pulse width 
tr External clock rise-time 


External clock fall-time 










Tthiscesp) [Por Pt inputnoldtine ——SSSSCSC~C‘“‘;~C‘;C;~CS~rSSCSC~C~C~S~S~S 
ingean) [Patron 


Memory expanding mode microprocessor mode | = 
(Ta=25C, Voec=5V+5%, Vss=OV, fix) =4MHz, unless otherwise noted) 






"Unit 
[ typ. | Max. | 
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SWITCHING CHARACTERISTICS 


Single-Chi MOde (1a=25C, Voc=5V+5%, Vss=0V, fox.) =4MHz, unless otherwise noted) 
IN 







Port PO data output delay time a 
Port P1 data output delay time ee ee 
Port P2 data output delay time = ee 





td(¢—Pp6a) Port P6 data output delay time 






Eva-Chip mode (Ta=25C, Voc=5V15%, Vss=OV, fix,,)=4MHz, unless otherwise noted) . 


ee a el Macca en 

Port PO address output delay time a Saas 250 ns 
Ee oe eo one | 
[200 ns _| 
ae ee eee 


















2 


tacepa) [Po Pt adaress output delaytine Sd [250 as 
R/W signal output delay time 

td(g—p3,q) | Port P3 data output delay time . 
Port P3 data output delay time : 
: 



























Memory expanding mode microprocessor mode. 


| | (Ta=25C, Voc=5V+5%, Vss=OV, fix.) =4MHz, unless otherwise noted) 










Port PO address output delay time 

d( ¢—Po0A) p y : Fig. 2 a 
td(¢—Pia) Port P1 address output delay time Pe 

Port P2 data output delay time a 








Port P2 data output delay time 
R/W signal output delay time 
ig. 


td¢¢—sync) | SYNC signal output delay time 





Fig.2 -Measurement circuit for ports PO, P1, P3, P4, P6 Fig.3 Measurement circuit for port P2 
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TIMING DIAGRAM 


In single-chip mode *% 
td (¢—Poa) 
tsu (pop—¢) 
Port PO input. 
th (¢—-pop) 
td (¢—P1Q) 
tsu (P1D—¢) 
Port P1 input 
th (¢—P1D) 
td (¢—P2aQ) 
tsu (p20 ¢) 
Port P2 input 
th (¢—-P2D) 
td (¢—P3aq) . 
tsu (p30—-¢) 
Port P3 input 
| th (¢—P3p) 


td (¢—psq) 


Port P4 output 


tsu (pan—¢) 
Port P4 input 


<—th(¢—p4bd) . 






tsu (P5D—¢) 


! Port P5 input 


th (¢—Ps50) 


= td (¢—P6aQ) 


Port P6 output C 


£ (xn) 
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in eva-chip mode 










d 
td(¢-poa) td (¢—PoaF) — td (¢—Poar) 
marosumt XXX x 
td (¢—Poa) 
Port PO input 
th (¢-Pob) 
td (¢—P10F) 


Port P1 output 


Port P1 input 






td (¢—P20) 


Port P2 output 


Port P2 input 


th (¢—-P2p) 


=— td (¢—p3,aF) 
Port P39 output 


(R/W) 


t = 
Port P3, output ONGC PSiGE) 2 


-(SYNC) 


td (¢—P3,Q) 
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In memory expanding mode and microprocessor mode 


td (¢—Poa) 





td (¢—P1a) 





\/ 


tsu (p20—¢) 


: th (¢—p2p) 
td (¢—R/w) 


Port P2 input 


Port P3, output ( 


“ a 


\Z 


Port P3, output ( 


\Z 


Dy 


(SYNC) 
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DESCRIPTION 


The M50747E-XXXSP is a single-chip microcomputer de- 


signed with CMOS silicon gate technology. It is housed in a 
64-pin shrink plastic molded DIP. The features of this chip 
are similar to those of the M50747-XXXSP except that this 
chip has a 65536-bit (8192 words X8 bits) EPROM built in. 


This single-chip microcomputer is useful for home electric- 


_al appliances and consumer appliance controllers. 

In addition to its simple instruction sets, the EPROM, RAM, 
and I/O addresses are placed on the same memory map to 
enable easy programming. Since general purpose EPROM 
writers can be used for the built-in EPROM, this chip jis 
suitable for small quantity production runs. 

The MS0747ES and the M50747EFS are the window type. 
The differences between the M50747E-XXXSP. and the 
M50747E-XXXFP and between the M50747ES and the 
M50747EFS are the package outline and the power dis- 
sipation ability(absolute maximum ratings). 


FEATURES | . 
@ Number of basic instructions::::**:---+**: RC Taos 69 
@ Memory size EPROM ee cia ea 8192 bytes 


RAM=::::::: tons Preerrerrrrrrrerrr errr ee 256 bytes 

@ Instruction execution time | | 
cones 1s (minimum instructions at 8MHz frequency) 

@ Single power supply ::-:::rsrrtrereettretetere eeeiee = 5V+5% 


@ Power dissipation 
: normal operation mode (at 8MHz frequency) ---- 30mW 
@ Subroutine nesting ---:::-::*: eeeceseeeccenens 128 levels (Max.) 
@ Interrupt::::---+> eieeesayee’s serene See tiaanl aces 7 types, 5 vectors 
— @ 8-bit timers re 3 (2 when used as serial !/O) 
@ Programmable !/O ports (Ports PO, P1, P2, P3, P4)--:: 40 
© Input ports (Port P5) vcrreee eee ee ness lsisensee ea senness eeu sa aindels 8 
® Output ports (Port PG) crrrretrereteet et eeeeeee ee ee eens ener eeees +8 
@ Serial I/O (Clock synchronized or UART) «rere oo 
@ EPROM (equivalent to the M5L2764) 
program voltages ttre Ran naade taeda ke HV 
APPLICATION. 


Office automation equipment 
VCR, Tuner, Audio-visual equipment 


-M50747ES/EFS 


EPROM VERSION of M50747-XXXSP/FP 


























PIN CONFIGURATION (TOP VIEW) 


Voc 164] -~> P2,/Do 
+ P2,/D, 
—_ P2./Do 


























































++ P2,/Dz : 
++ P2,/D, port P2 
++ P2:/Ds 
++ P2,/Ds 
++ P2,/D, 
++ P0o/Ag 
++ P0,/A; 
+> P0./A> 
++ P03/A3 | 1/0 
vo | Pa, es +> P0,/A, | Port PO 
port P4 P4,++ on + P0;/As 
P4,/CE =z + P0¢/Ag 
P4,/OE+ a 3 fal+po,sa, 
P4o/PGM + Ss 9 ¥ +> P1o/Ag 
| -P37/Sapy m x< ++ P1,/Ag 
P3./CLK + 2 os + P12/Ayo 
P35/T,D = + P15/A1; 11/0 
1/0 P34/RxD + > P14/Ayo | Port PA 
port P3) p3./CNTR > ++ P15/Ai3 
P3./INT > +> P16/Ar4 
+> P17/Ajs 
— P5, 
Interrupt input INT, — — P5, 
CNVss/Vpp — P55 
Reset input = RESET — P5, 7 | 
Clock input ° Xin > — P5, port PS 





Clock output Kaye ‘= 


Timing output g- 


— P5; 
_— PSe 
















OTP) 
Window) 


64P4 





Outline 


Oo) 
yh 
~ 
it 
30 W 


4 
i] 







- P2./ De 
++ P27/D7 





uo 
~ 
uo 
(oz) 









P2;/Ds; «> 


M50747E-XXXFP 
: or 
M50747EFS 





NTR + [5] 





PGM > 
“MU P34/RxD 


©) P4o/ 
—" P33/C 


NO 
U 
O 
4 


: 7 
| onl 72S6 (Window) 





NC : No connection 
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M50747E-XXXSP BLOCK DIAGRAM 


Clock input Clock output Timing output Interrupt input Reset input ba 
Xin Xout ¢ . INT, RESET 


akin alee il 2 a a 
[oi 




















Eoce sor Program Program Stack: 
register counter counter pene j-4 Instruction 
PS (8) PCy (8) PC, (8) register (8) 


ee) 
=a 
PRE12 (8 Be ) 


Instruction 
decoder 


Control signal 
Index 
register 
Y (8) 


[1 nico ea el 
atria Teal i inna TTT [ 


DO ODOODE a CNEVENED 


se port P5 fu - VOportPa portP4 — VO potP3 port P3 VO portP2 port P2 I/O port P1 Op port ot PO 























8-bit 
arithmetic 
and - 


logical unit 
















EPROM 
8192 bytes 


RAM 
256 bytes 





Index 
ee 





es ee ee eee 


aoe ~~ Qutput port P6 





di/dSXXX-LYLOSW 4° NOISUSA WOUdga 


S435/SAZVZLOSIN 
SHALNdWODOUDIW IHSISNSLIW 


dA/dSXXX-AaZPVZOSIN 
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FUNCTIONS OF M50747E-XXXSP 








| . | Parameter | Functions 
| Number of basic instructions . . 69 


Instruction execution time 1s (minimum instructions, at 8MHz of frequency) 
Clock frequency 8MHz . 
| EPROM 8192bytes (Note 1) 
RAM . 256bytes — 
; | 8-bitX5 (Part of P3 are common with Input/output of serial I/O, 
PO, P1, P2, P3, P4 Input/Output a ' 
roe a timer. I/O, and INT2 interrupt input) - 
Serial 1/0 8-bit or 9-bitX1 


Timers | . 8-bit prescalerX2+8-bit timerX3 (8-bit timerX2 when serial I/O is used) 
Subroutine nesting | 










Memory size 




































Input/output port 






128levels (max.) 


Two external interrupt (1 of external interrupt is in common with port P32) 


Interrupts : R F : 
Three timer interrupt (or timerX2, serial |/OX1) 


Clock generating circuit Built-in (externally connected ceramic or quartz crystal oscillator) 
Supply voltage "| 5VE5% 


at high-speed operation 30mW (at 8MHz frenquency) 


—s- Input/output voltage . 5V 
| Input/Output characteristics . : 
Output current : 10mA (Ports P3, P4, P6) 
Memory expansion ae a oe Possible ‘ 
—10~70°C . 


Note 1 : The EPROM programming voltage is 21V (equivalent to the M5L2764). | | 



















Operating temperature range 






Device structure 











M50747E-XXXSP One time programming type 





‘Package 
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PIN DESCRIPTION 


Input/ 
Terminal Mode Name P Functions 
Output 
Singl-chip 


Power supply Supply 5V+5% to Vcc and OV to Vsg. 
- /EPROM 


/V pp 
EPROM 7. Sn ea Connect to Vpp when programming or verifing. 


RESET Single-chip RESET input 


' EPROM RESET input 
XIN Single-chip Clock input . Input 
. /EPROM 
Clock output 


Single-chip Timing output Output 
/EPROM 


Singl-chip I/O port PO 


EPROM Address input Ag~A7 Input PO works as the lower 8 bit address input (Ag~Az). 
Plo~P17 Single-chip \/O port P1 


EPROM 





To reset, keep this input terminal low for more than ous (min) under normal Vcc 
conditions. If more time is needed for the crystal oscillator to Stabilize, this “L” con- 
dition should be maintained for the required time. 





Connect to Vss. 





Connect a ceramic or a quartz crystal oscillator between Xj and Xour for clock 
oscillation. lf an external clock input is used, connect the clock input to the Xin pin 


Xoutr and open the Xogur pin. 





For timing output. 


a 








Zz 
7 


Interrupt input INT. 
Connect to OV. 


PO9~ P07 Port PO is an 8-bit 1/O port with an I/O direction register which can program each 


bit as input or output. It is set to input mode at reset. The output format is CMOS. 





Port P1 is an 8-bit I/O port which has the same function as Port PO. 








Address input Ag~Aj2 P19~P1, works as the higher 5 bit address inputs (Ag~Aj2). 


Connect P1s~P17 to Vec. 





P25~ P27 Single-chip 1/0 port P2 1/0 Port P2 is an 8-bit 1/O port which has the same function as Port PO. 


EPROM 





Data input/ 


1/0 _ | Port 2 works as an 8 bit data bus (Do~D7). 
output Do~ D7 , 









Single-chip Port P3, is an 8-bit I/O port, has the same function as Port PO. When serial 1/O is 


used, P3g., P35 and P3, work as CLK, TxD, RxD pins respectively. When clock syn- 
chronous serial [/O is used, P37 works as Sarpy. P33 and P32 are commonly used with 


1/O pin CNTR of timer X and the lowest interrupt input INT2, respectively. 


1/0 port P3 


v 

io) 
Hd 

a) 

oo 

N 











P49 P47 1/0 Port P4 is an 8-bit 1/O port which has the same function as Port PO. 
EPROM Input PA», Pay, P49 work as CE, OE and PGM inputs, respectively. 
Connect P4s~P4, to OV and P4, and P43 to SV. 
P59~ P57 Input Port P5 is an 8-bit input port. 
Input port | ! Connect to OV. | 








P69~ P67 Single-chip Output port . Port P6 is a 8-bit output port. The output format is CMOS. 
EPROM Output port : Connect to OV. 
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EPROM MODE | | Table 1 Pin function in EPROM programming mode 


~The M50747E-XXXSP features an EPROM mode in addition 
to its normal modes. When the RESET signal level is low 
(“L”) , the chip automatically enters the EPROM mode. 
Table 1 list the correspondence between pins and Figure 1. 
and Figure 2 give the pin connections in the EPROM mode. 
When in the EPROM mode, ports PO, P1, P2, P4g5~P4., and 
CNVsg are used for the EPROM (equivalent to the 
M5L2764). When in this mode, the built-in EPROM can be 
written to or read from using these pins in the same way as 
with the M5L2764. The oscillator should be connected to 
the Xin and Xour pins, or external clock should be con- 
nected to the Xi, pin. 





&cd————Vee [0 : ++ P2o/Do 
P67 | +> P2,/D, 
PG. +> P2,/Dz 
P6, ~ [4] [el] P23/D3 ———©3) 
P6, 60] ++ P2./D, 
P6, ~ [6 ++ P2s/Ds 
~P6, | ++ P2,/Dg 
P6, - fl ++ P2,/D, 
P6, +f + P0o/Ag 
P4,—>+[io} ———-B5] — P0,/A, 
P4,— : | + P0,/Az 
P4,— | — P0s/As 
P4,— + P0/Ag 
— pP4, — [14] + PO;/As —————(s) 
(GE) P4,/CE + P0¢/Ag 
(GE) P4,/OE — <— P0O,/A; 
- Gx) P4/PGM 48] <— P1/Ag 
-P3,/Sroy — [gl + P1,/Ag 
-P3¢/CLK — [ig] 46] — P1>/Ayp——@ig) 
P3./T,D > | — P15/Ay; Joe) Voo 
P3,/RxD — [21] _ [44] — P14/Ay2-——@) 
P3,/CNTR [2] | + Pt, 
P32/INT, a —P1, 
P3, | at] — Pt, 
P3y > — + P5, 
INT, + 
CNVgs/Vep a 
RESET —> a 
Ceramic or Xin oy 
oscillating °-—— Xour — 
circuit ¢+ Br} 


Ves  @——Vs 


SSZvVZOSIN 
41O 
dSXXxX-4aZPLOsn 


©): Same functions as M5L2764 





Fig.1 Pin connection in EPROM programming mode(M50747E-XXXSP, M50747ES) 
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QOOQOGETOOEOGO® 


M50747E-XXXFP 


+ P2.¢/Dg 
TS: P27/D7 


ea 

~~ 
wm 

i fon] 


QOOOO®& 


or 


©) 


M50747EFS = ce Ceramic 
Ne te eee Oscillating 
— RESET circuit 
CNVss/Vpp et 
NC 
NC 


© 


PGM <> 
—P37/Sppy — 
NTR + [a] 


—P4/ 
P33/C 








Cc) : Same functions as M5L2764 





Fig.2 Pin connection in EPROM programming mode (M50747E-XXXFP, M50747EFS) 
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EPROM READING, WRITING AND 
ERASING 
Reading 
To read the EPROM, set the CE and OE pins to a “L” level, 
and the PGM pin to a “H” level. Input the address of the 
data (Ayg~Aj2) to be read and the data will be output to the 
I/O pins Dg~ D7. The data I/O pins will be floating when 
either the CE or OE pins are in the “H” state. 





Writing 

To write to the EPROM, set the CE pin to a “L” level and 
the OE pin to a “H” level. The CPU will enter the program 
mode when Vpp is applied to the Vpp pin. The address to 
be written to is selected with pins Ag~Aj2, and the data to 


be written is input to pins Do>~D7. Set the PGM pin to a “L” 


level to begin writing. 


Erasing 

Data can only be erased on the M50747ES and the 
M50747EFS ceramic package, which includes a window. 
To erase data on this chip, use an ultraviolet light source 


with a 2537 Angstrom wave length. The minimum radiation — 


power necessary for erasing is 15W:s/cm’. 


Table 2 1/O signal in each mode 






Programming 
Programming verify 






Program disable eee el 


Note 1: Vic and Vi, indicate a “L” and “H” input voltage, respectively. 
2: An X< indicates either Viv: or Vin. 





—— ae 


Fat ee ee 
| Patten) | Vee | Yee 


‘NOTES ON HANDLING 
a 


Sunlight and fluorescent light contain wave lengths 
capable of erasing data. For ceramic package types, 
cover the transparent window with a seal (provided) 
when this chip is in use. However, this seal must not 
contact the lead pins. 

Before erasing, the glass should be cleaned and stains 
such as finger prints should be removed thoroughly. If 


these stains are not removed, complete erasure of the 


data could be prevented. 

Since a high voltage (21V) is used to write data, care 
should be taken when turning on the EPROM writer’s 
power. | : 






| Veo | Output 
Yee Floating 


Data I/O 
(57~64) 
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ABSOLUTE MAXIMUM RATINGS 


symbol | Parameter | ondttions_ | Ratings |i 


Input voltage, POg~ P07, Plo~Pl7, P29~P27, P39~P37, 


With respect to Vss. —0.3~Vec+0. 3 V 
V 


ca Output transistors cut-off 
lv Input voltage, CNVss —0.3~13 (Note 1) | ov | 



















Output voltage, POg~P07, Plo~P17, P20 ~P27, P30~P3z, 


—0. 3~Vect+0. 3 V 
P4o~P47, P6p~P67, Xour, ¢ , os 


| Pq | Power dissipation 7 Ta = 25C . 1000( Note 2) 
Spaislis Gnas aaa Sane 





Voc 
Vi 
Vi 
Vi 
Vo 
Storage temperature range 


Note 1 : In EPROM programming mode, CNVsgzg is 22.0V. 
2 : 300mW for QFP types. 





RECOMMENDED OPERATING CONDITIONS (vec =5v+5%, Ta = —10~70°C, unless otherwise noted) 


[suppyvotage—SSCSC=“‘*‘“‘*S*S*~“‘~*S*s~sSC“‘“RONCS Cd 


“H” input voltage, POg~P07, Plo~P17, P2o~P27, 
Vin P39~ P37, P4g~P47, Poo~ P5z, 
INT, RESET, Xin, CNVss 
“L” input voltage, P0o~P07, Plo~Plz, P2o>P2z,; 
Vie P39~P37, P4y~P47, P5o~P5z, 
INT;, CNVss 


Vit “L” input voltage, RESET 
Vin 


“L” input voltage, Xin 


Vcc 
Vss 


“L” peak output current, POo~P07, Plo~Pl7, P29>~P27, 
P39~P37, P4p~P47, P6p~P67 
“L” average output current, P0g~P07, Plo~Pl7, P2o~P27, 
lov(avg) P39~P37, P4g~P47, P69~P67 
. (Note 3 ) 
“H” peak output current, POg~P07, Plo~P17, P2o~P2z, 
P39~ P37, P49 ~P47, P6o~ P67 
“H” average output current, P0o~P07, Plo~Pl7, P29~P27, 
lou(avg) P39~ P37, P49 ~P47P69~P67, 
(Note 3 ) 
fox) Internal clock oscillating frequency 


lo-(peak) 


lon( peak) 





Note 3: The average output current loi(avg) and lon(avg) are the average value of a period of 100ms 
4 : Total of lou(peak), Of ports PO, Pl, and P2 is below 20mA 
Total of lon(peak), Of ports PO, P1, and P2 is below 20mA 
Total of licpeak), of ports P3, P4, and P6 is below 80mA 
Total of lon(peak), Of ports P3 and P4 is 20mA 
Total of lon(peak), Of ports P6 is below 60mA 
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ELECTRICAL CHARACTERISTICS (Voc = 5V, Vss = OV, Ta = 25C, f(x,y) = 8MHz, unless otherwise ated) 


2 — Limits 
le | | 7 Typ._| Max. _| | 
“H” output voltage, POg~P07, Plo~Pl7, P29 ~P27, 














< 


V 
yd P39~P37, P4p~P47, PGy~P67 


| Von | "H" outputvoltage, to 2SmA | 


“L” output voltage, P0g~ P07, Plo~Pl7, P29~P27, ’ 
VoL : ey ‘| lop = 10mA 2 
: . P39~ P37, P49~P47, P69~ P67 : : 
fee alee 2 ee! 






< (< 


<\i< 


oe leoes es ee ee 
eg isieaning e , 
Hysteresis, RESET 

Hysteresis, Xin 


“L” input current, POg~ P07, Plo~Pl7, P29>~P27, 
Nie P39~ P37, P49~P47, P5g~P57, 
P6y~P6;, INT;, RESET, Xin 

“H” input current, POg~P07, Plo~P17, P2o~P27, 
1H P39~ P37, P4g~P47, P5o~ P57, 


: 
ue P6 9~ P67, INT, RESET, XIN 


RAM retention voltage 














































STOP mode 








f(xjy) =8BMHzZ 


At clock stop 
ee ee 
At clock stop 
pepe 












Output pins are 







Supply current opened 


others to Vss 
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TIMING REQUIREMENTS 


Single-chip MOde (Voc = 5V+5%, Vss = OV, Ta = 25, f(x) = 8MHz, unless otherwise noted) 


Port PO input set-up time 
Port Pl input set-up time 
Port P2 input set-up time 


tsu (p3D-¢) Port P3 input set-up time 
tsu (p4ap-¢) Port P4 input set-up time 


nN 
io) 


Limits 
Typ. 


Test conditions Unit 


= 


ax 





2 










O;>? 


nO 
) 
oO 


No 
o>) 
oO 





NO 
(oo) 
oO 





3 j3 


=) 
on) nO |n 7) 


Port P5 input set-up time 
Port PO input hold time 


External clock rising edge time 
External clock falling edge time 


Port Pl input hold time 
Port P2 input hold time ° 


=) 


nN 
© 
= 


= NiND 
MINMINININI NIM! NM] Oj] oO 
MLO); OLO;O!lO!]O!O!lao|;a 














Eva-chip mode and microprocessor mode. | 
: (Voc = 5V#5%, Ves = OV, Ta = 25C, f(x,y) = 8MHz, unless otherwise noted) 


Max. 


200 
200 





Unit 


aca ol 
aaa eee ee 2 
ce ae ie ee 

ao} | | ns | 
aaa ees eae 
ees Aree a a 
esheets 






Min. 
00 
200 
20 


oO 


ns 


Port P1 input hold time 
Port P2 input hold time 


Memory expanding mode and microprocessor mode 
(Voc = 5V45%, Vss = OV, Ta = 25°, f(x,,) = 8MHz, unless otherwise noted) 


| 
Symbol Parameter Test conditions Unit 
: ee ie] 


cso |e 
(canis al 





th (¢-P2D) 















ns 
Port P2 input hold time 
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SWITCHING CHARACTERISTICS 


Single-chip mode (Voc = 5V5%, Vss = OV, Ta = 25°, f(x,y) = 8MHz, unless otherwise noted) 


Port P2 data output delay time . ; 
Port P3 data output delay time , 
Port P6 data output delay time 


Limits 


yp 


MlplrMlry] Ss 
O1O/;/C/]OlD 
okownosnoner-7 


Min. 


+ 
























Eva-chip mode (Vcc = 5V+5%, Vss = OV, Ta = 25, fixiy) = 8MHz, unless otherwise noted) 


Port PO data output delay time 
.Port PO data output delay time 
Port P1 address output delay time 
Port P] address output delay time 
Port P] data output delay time 
Port P! data output delay time 
Port P2 data output delay time 
Port P2 data output delay time 


td(¢-r/w) R/W signal output delay time 


R/W signal output delay time 

‘| tdcd-ps a) Port P39 data output delay time 
Port P3p data output delay time 

SYNC signal output delay time 

td(¢syncr) | SYNC signal output delay time 
Port P3, data output delay time 

Port P3, data output delay time 







































Memory expanding mode and microprocessor mode 


Veco = 5V£5%, Vsg = OV, Ta = 25°C, f(x,y) = 8MHz, unless otherwise noted) 


. ( 

| Parameter Test conditions Unit 
ae ae eae 
ee eo eee 
ae a Oe leet 
a OT Ta 
tare syne) 





















eae ee eee 





feswe pe POO, omnes. 





Fig.2 Ports PO~P4 test circult 
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Port PO output > 4 
tsu (Pop—¢) 
Port PO input 


th (¢—Pop) 





TIMING DIAGRAM 


In single-chip mode ° ¢ 





Port P1 output 


a 2a 


tsu (P1D—¢) 
Port P1 input . 
th (¢—P1D) 
td (¢—p2a) 


Port P2 output 


| 7 tsu (p20—¢) 
Port P2 input 
Port P3 output 


: . aes 
Port P3 input 
ta case 


tsu (pap—¢) 


th (¢-P2D 


Port P4 input 


/ 


<— th (¢—-pap) 


tsu (P5D—¢) 


th (¢—Psp) 
td (¢—P6aQ) : 
>, Gs ee | 


Port P5 input 


Port P6 output 


f(x) 
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In eva-chip mode 


td (¢—Poa) Le 2 td (¢—POAF) aie td (¢—-Poar) 





Port PO output 







td (¢—Poa) 


a 





tsu (pop— 
Port PO input 


‘th (¢—pop) 







td (¢—P1AF) “td (¢—P10F) 


Port P1 output 


Port P1 input 


Port P2 output 


tsu (p2D-¢) 
Port P2 input 


th (¢--P20) 





td (¢—-R/wr) 





td (¢-R/w) <— td (¢-P3,QF) 


Port P3, output ‘R/W) 


td (g—- P3,QF) 


Port P3, output ‘SYNC) 


td (¢—P3,Q) 
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In memory expanding mode and microprocessor mode 


Port P1 output 








td (¢—p2aF) 
Port P2 output 
Port P2 input 
a ke— th (¢—p2p) 
. td (¢—R/w) 
ron; pt (Sr p TP 
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PRELIMINARY 


Notice: This is not a final specification. Some 
parametric limits are subject to change. 





N 


DESCRIPTION 
The M50944E-XXXSP is a single-chip microcomputer de- 


signed with CMOS silicon gate technology. It is housed ina — 


64-pin shrink plastic molded DIP. The features of this chip 
are similar to those of the M50944-XXXSP except that this 
chip has a 98304-bit (12288 wordsX8 bits) EPROM built-in. 
This single-chip microcomputer is useful for home electric- 
al appliances and consumer appliance controllers. 


In addition to its simple instruction sets, the EPROM, RAM, 


and |/O addresses are placed on the same memory map to 


enable easy programming. Since general purpose EPROM - 


writers can be used for the build-in EPROM, this chip is 
suitable for small quantity production runs. 

The M50944ES is the window type. The differences be- 
tween the M50944E-XXXSP and. the M50944E-XXXFP are 
the package outline and the power dissipation ability 
(absolute maximum ratings). 


FEATURES 


@ Number of basic instructions TELRERUEC COREE EO RUPE EEO Re 


@ Memory size EPROM crrrcccrrttesteeerreess 12288 bytes 
RAM-rrese Eee fem cake enpeentaae 192 bytes 
@ Instruction execution time 
gL NReRE 2s (minimum instructions at 4MHz frequency) 
@ Single power supply Laadlvevbventedeutededvaxias see pokes 5V+5% 
@ Power dissipation 
~ normal operation mode (at 4MHz dSqusneys -15mW 
@ Subroutine nesting «ccc 96 levels (Max.) 
@ Interrupts cee siteeeeess 10 types, 5 vectors 
@ 8-bit timers 7 (6 when used.as serial I/O) 
= ) Serial 14 @ hun joacee 8-bitx 2 
r ) Devider for serial 1/O ececes es ea La eeeveee 1 
@ Interrupt requect distinguish register --:::*:**:*::*: 8-bitX 2 
@ Programmable I/O ports (Ports P3, P4) rrr 16 
@ Middle-voltage programmable ports , 
(Ports PO, P1, P2) Milsons Auk Moses anieeRiuntenthieherenneese 24 
@ Input port (Ports R, | \ D eee 42 
@ A-D cCoversion-: ccc e eee eens 8-bit, 8-channel 
@ ee clock generator circuits (One is for main clock, the | 
other is for clock function) 
@ EPROM (equivalent to the M5L27128) 
program voltage:"::"-*: RU errata nee ees sree sae 21V 
APPLICATION 


Camera, Office automation Sahipment: VCR, Tuner, -Audio- 
visual equipment 
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PIN CONFIGURATION (TOP VIEW) 


Reference 
voltage input VREF ~” ia 


Input port IN 


1/0 port P4 


1/0 


P4,/Srpy2 > 
P4,/CLK2 +> 
P45/Soute 
P4,4/Sin2 
P4,/INT, > 
P4./INT3 +> 
P4, +> 


P37/Srpy1 
P3./CLK, > 
P3s/Soyur;/CE 


P34/Siny/OE - 
P33/T/PGM + 


P32./CNTR +> 
P3,/INT2 + 
P3o/INT, ++ 


CNVss/Vpp 


Reset input RESET > 


Clock input 


Clock output 


Clock input for 
timer function 


Xin 
Xourt *— 
Xcin > 


Clock output for Xcgoyr+— 
timer function 


++ P2,/D4 
[3 ]<> P25/Ds 
iS ]++ P26/De 


> 
. ™~ 
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++ P27/D7 


SSarr60SWN 


dSXXxX-svr60sw 


M50944E-XXXFP 


P47/Srpy2 <> jo | 
P4g/CLKo «+ [=] 
P4s5/Sourt2 > jon] 


P44/Sin2 <> [> | 
P43/INT4 <> 


~:] 


P4>/INT3 <+ [=] 


P37/Srpy1 + [2] 


iS] 
nN 
= 
[e) 


P36/CLK, 
P34/Sini/OE + [EF 


Outline 64P6S 


P35/SoutT1 /CE + 


= 
or 
= 
oOo? 

S| 


P33/T/PGM > 
P31/INT2 +> 
P39/INT; > |= | 


Vee 
AVcc 
++ P2,/Do 
++ P2,/D, 
++ P2,/D> 
++ P2,/D3 
+ P2,/D, 
++ P2;/Ds 
++ P2,/De 
++ P2,/D, 
— P0/Ag 
— P0,/A, 
— P0,/A> 
— P03/A3 
— P04/A, 
— P0s/As 
— P0¢/Ag 
— P0;/A; 
+ P1o/As 
— P14/Ag 
— P15/Aio 


> P13/A4; 


P32/CNTR + 


— P14/Ajs2 
—> P15/Ai3 
— Pl6/Ai4 
— P17/Ai5 
NC 
—R, 
—R;, 
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1/0 port 
P2 


I/O port 
P4 


Input port R 


Ro 


NC : No connection 





te-S 


91410374 
IHSIGNSLIW 







M50944E-XXXSP BLOCK DIAGRAM 





Clock Clock 
input for output for Reference 
Clock Clock Timing Clock Clock Reset voltage 
input output output Function function input (5V) (OV) (5V) (OV) — input 
Xin Nout p Xcin Xcout RESET Voc Vss AVcc CNVss Vrer 


SS SS SSS SS - —@— - —@—_®©—® 0 aaa 












Clock generating circuit 













RAM Timer 3 Timer 1,2 
192 Program Program prescaler bresealct 
bytes counter counter Ingtruction 
PCx (8) PC, (8) register (8) 


Inslruction 
decoder 









8-bit 





























arithmetic Control signal. 
and. RI GEGSSOF Index . 7 
. logical Accumulator] | - register register 


unit f | 
Interrupt request Interrupt request 


T4(8) distinguish register 1(8) {distinguish register 2(8) 


oY 


= icine 


Ye 
Pest a 
Saale 355 | 
XD EXD OBE) 64x55) 6) WO) MDM YUMW- - ——- - ———__ - OQOOOGOGE OOGOO GOS eae Oe. eee = 


Se 
Input portR 1/O port P4 : ero port P3 1/0 pot P2 port P2 "0 port P1 port P14 “1/0 port PO port PO 








R(4) 1] Pa(s) 








di/dSXXX"-pr60sw 40 NOISUSA WOUda 


SAPrr6eosINn 





dij/dSXXX-savr60siA 
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FUNCTIONS OF M50944E-XXXSP 


Parameter oe otA Functions 


Instruction execution time 2us (minimum instructions, at 4MHz frequency). 
Clock frequency . 4.2MHz (main clock input), 32kHz (for clock function) 


| 12288bytes (Note 1) 
Memory size 
A 192bytes | 


nwt [as 
| 












=) 
= 


Input/Output port 





Power dissipation 


5V (port P3; P4) 
Input/Output voltage 
| 12V (port PO, P1, P2) 


Output current , 
: 
| 


Note 1 : The EPROM programming voltage is 21V (equivalent to the M5L27128). 











Input/Output 
characteristics 
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PIN DESCRIPTION 


Singl-chip 
/EPROM 


Power supply 


Output 


Vcc 

Vs 

CNVss Singl-chip CNVss input 

/Vpp 
ovo 





Single-chip 


RESET 


RESET input 


Single-chip 


/EPROM 





Xout 
Single-chip 
/EPROM 


Timing output 





- Single-chip 
/EPROM 


Clock input for 
clock function 


Xcin 


Xo UT 





Clock output for 
clock function 


Single-chip 
/EPROM 


S 
Oo~ PO, Singl-chip I/O port PO a 
EPROM Address input Ag~A7 

0 












P 
P1p~P17. Single-chip 










P29~ P27 Single-chip 


Data input/ 
output Do~ D7 


Single-chip I/O port P3 









(/O port P4 


1/O port P1 1/0 
Address input Ag~Aj5 Input P19~P15 works as the higher 6-bit address inputs (Ag~Aj3). 
1/O port P2 Port P2 is an 8-bit |/O port and has basically the same functions as Port PO. 









a 


Functions 





Power supply inputs 5V+-5% to Vcc and OV: to Vss. 





Connect to OV. | 











Input Connect to Vpp when programming or verifing. 


To reset, keep this input terminal low for more than 2s (min) under normal Vcc 


conditions. If more time is needed for the crystal oscillator to stabilize, this “L” con- 
dition should be meintained for the required time. 





Connect to Vss. 





Connect a ceramic or a quartz crystal oscillator between X;y and Xoyr for clock 
oscillation. If an external clock input is used, connect the clock input to the Xj pin 
and open the Xour pin. , 












Output This is the timing output pin. 





This is the I/O pins of the clock generating circuit for the clock function. To control 
generating frequency, an external ceramic or quartz crystal oscillator is connected 
between the Xcin and Xcour pins. If an external clock is used, the clock source 
should be connected to the Xcin pin and the Xcour pin should be left open. This 
clock can be used as a program controlled the system clock. \ 






Port PO is an 8-bit I/O port with directional registers allowing each |/O bit to be indi- 
vidually programmed as input or output. At reset, this port is set to input mode. The 
output structure is N-ch open drain. ° 


Input 


PO works as the lower 8 bit address input (Ap~A7). 


Port P1 is an 8-bit |/O port and has basically the same functions as Port PO. 








Port 2 works as an 8-bit data bus (Do~D7). - . 


Port P3 is an 8-bit I/O port with CMOS output. The other functions are basically the 
same as port PO. P39, P3;, P32 and P33 pins are in common with INT. INT;,,;CNTR 
and T respectively. When serial 1/0, is used, P34, P35, P3g and P37 work as Sini, 
Sout1, CLK1 and Srpy1 pin respectively. 


1/0 








P35, P34, P38, work as CE, OE and PGM inputs, respectively. 
Connect P32~P3p) to OV and P37 and P3¢ to Vcc. 


Port P4 is an 8-bit 1/O port and has basically the same functions as Port PO. 
P4. and P43 pins are in common with INT3 and INT, respectively. When serial |I/O2 
is used, P44, P45, P4g and P47 work as Sinz, Sout2, CLK2 and Srpy2 pin respectively. 





Ro~R3 Single-chip 





_ P4g~ P47 Single-chip 


Analog input port IN 





Reference voltage 





input 


Note 





Port R is a 4-bit input port. 


: Input 
2 
— INo~I!INz Single-chip a | 
EPROM ~ Input port IN 


AVocc Single-chip Voltage input for A-D 
(Note) 
EPROM Voltage Input 


Port IN is the analcg input pin to the A-D converter. It also has a dual function and 
works as a normal, input port. — 


Connect to Vgs. 





This is the power supply input pin for the A-D converter. 








Connect to Voc. 


Input This is the reference voltage input pin for the A-D converter. 





So Vrer Single-chip 
[ernow [oe | tot [ome 


The AVss pin of M50944E-XXXFP is connected to Vss. 
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EPROM MODE 

The M50944E-XXXSP features an EPROM mode in addition 
to its normal modes. When the RESET signal level is low 
(“L”), the chip automatically enters the EPROM mode. 
Table 1 list the correspondence between pins and Figure 1 
and Figure 2 give the pin connections in the EPROM mode. 
When in the EPROM mode, ports PO, P1, P2, P8s~P3s, and 
CNVsg are used for the EPROM (equivalent to the 
M5L27128). When in this mode, the built-in EPROM can be 


written to or read from using these pins in the same way as_ 


with the M5L27128. The oscillator should be connected to 
the Xijy and Xour pins, or external clock should be con- 
nected to the Xjy pin. 


C 
< 
Q 
0 


- P4s/Soute2 + 
P4,/Sino 
P4,/INT, + 
P4,/INT3 +> 
P4,<+ 


i é 


P3;7/Srpy1 

P3,/CLK, +> 

(CE) ——P35/Sours/CE ~ 
P34/Sini/OE +* 
6x) P33/T/PGM ++ 
P3./CNTR 

P3,/INT2 

P3o/INT, + 


aa CNVss/Vpe 


RESET > 
Ceramic 


oscillating 
circuit O—— Xour 


Xcin > 


Xcout * 


ois Vss 
Vss 


C): Same functions as M5L27128 
Fig.1 


SArvrE0SW 
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Table 1 Pin function in EPROM programming mode 


Ss M50944E-XXXSP/FP 


— 
ee eee 
ROB 52 li SS PSOB i i OB a es 
PeeM -- Pega _se 





M5L27128 



















Yeo 9 


Moc 

++ P2,/Do (Dp) 
+ P2,/D, (oy) 
++ P2,/D2———(») 
++ P2,/D3———(03) —"|! 
+> P2,/D4 (04) 
++ P2,/Ds; ——(05)-— 
++ P2¢/Dg———@) —M\ 
++ P2,/D; (D7) 
++ P0o/Ag ——(o) 
++ PO,/A; 
++ P0,/Ay ——(o) 
+* P03/Ag——C) 
++ P04/Ag———) 
++ P0s/As ——Cs) 
++ P05/Ag ———(CAs) 
++ PO,/Ay ——(A7) 
++ P1o/As———CAs) 
++ P1,/Ag——(g) 
+ P12/Ayg ——Crg) 
> P13/Aq1- 
+> P14/A;2 ——Crp) 
+ P15/Aigz——G@ig) 
+ Pi, 

+ PI, 

NC 

_— Ro 

+R, 

+-R> 

+-R3 


—¢ 


dSXXX-4vv60SWN 





Pin connection in EPROM programming mode (M50944E-XXXSP, M50944ES) 
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a P13/A1;3 —ip 


aad P14/A12— arp 
7d P15/Ai3—C1p) 


— P03/A3 


Cog, 

—a—"M 
—@o 
=D 
—@D 
—@ 
—Ca) 
—s) 
—Gs) 
—CD 
—Cas) 
—Kas) 
=e. Pa 2/A1o Car) 


— PO4/Ag 


=}— POs/As 
18|—> PO¢/Ag 


Ww 
3 | 


— P2,/D4 
+> P2./Ds 
++ P2./Dg 
—, P27/D7 


5 |— P0o/Ao 


> 
Fi 


= P0O,/A4 
= |— PO2/A2 
—> -P07/A7 
— P14/Ag 


uo 
ao 
> 
wo 
> 
fos] 
> 
Ww 
> 
hR 


M50944E-XXXFP 


— Xcout 

+ Xcin 
Ceramic 

— Xour ——Oggcillating 


— Xin —Ocircuit | 
— RESET 
CNVss/Vpp—CWep) 


CCE) —P3s/Sout1/CE - 


P37/Srpy1 <> [=] 
P36/CLK; <> 
—-P3,/S3/OE ++ 


CE) 
@am)——P33/T/PGM <> 


< 
2) 
fe) 


Vss 


C_): Same functions as M5L27128 
Fig.2 Pin connection in EPROM programming mode (M50944E-XXXFP) 








MITSUBISHI 5-37 
ELECTRIC 


MITSUBISHI MICROCOMPUTERS 


MS50944E-XXXSP/FP 
 M50944ES 


EPROM VERSION of M50944-XXXSP/FP 





EPROM READING, WRITING AND 
ERASING 7 | 
Reading os ee | 
To read the EPROM, set the CE and OE pins to a “L” level, 
and the PGM pin to a “H” level. Input the address of the 
data (Ayp~Aj3) to be read and the data will be output to the 
I/O pins Do~ D7. The data I/O pins will be floating when 
either the CE or OE pins are in the “H” state. 





Writing ; _ | 
To write to the EPROM, set the CE pin toa “L” level and 


the OE pin to a “H” level. The CPU will enter the program | 


mode when Vpp is applied to the Vpp pin. The address to 
be written to is selected with pins Ay~Aj3, and the data to 
be written is input to pins Do~ D7. Set the PGM pin to a “L” 
level to begin writing. | 





Erasing 
Data can only be erased on the M50944ES ceramic pack- 
age, which includes a window. To erase data on this chip, 
use an ultraviolet light source with a 2537 Angstrom wave 
length. The minimum radiation power necessary for erasing 
is 15W-s/cm?. | | | 


Table 2 1/O signal in each mode | 


OE(21) 


P Reet dee eo tpt | 
[Cerogramming Vn gn) [Ve 
Vie 
1H 


CE(20) 









Note 1: Viv and Viy indicate a “L” and “H” input voltage, respectively. 
2 :. AnX indicates either Vi_ or Vin. 


-  PGM(22) 


NOTES ON HANDLING 
(1) 


Sunlight’ and fluorescent light contain wave lengths 
capable of erasing data. For ceramic package types, 
cover the transparent window with a seal (provided) 
when this chip is in use. However, this seal must not 
contact the lead pins. 

Before erasing, the glass should be cleaned and stains 
such as finger prints should be removed thoroughly. If 
these stains are not removed, complete erasure of the 
data could be prevented. ee . 
Since a high voltage (21V) is used to write data, care 
should be taken when turning on the EPROM writer's 
power. | 





Vep(26) 
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ABSOLUTE MAXIMUM RATINGS 


oa ee er ed 
=e, 

Vi 

Vi 

Vi 

Vi 

Vo 

Vo 









ee ee aes ee 
| Vi | imputvoltage CNVss 
[Vi___| Input voltage P0:~POr, Pe~Pir, POo~P2, 
| Vi __| Input voltage Ro~Ra, Xin, Xcn, RESET With respect to Vss 
Iv | Input voltage P389~P37, P49 ~P47, INo~INz, Vaer Output Transistors are at “OFF” state. 
| Vo __| Output voltage P8o~PS,P4o~P4r, Xcour, Xour: 6 
| Vo _| Output voltage POs~POr, Plo~ Ptr, P2o~P2, | 
P Pa | PowerDissipation ——SSSSS*d Tg mBOS~*~*~*~“~*‘“*~*~*~*~SC~*‘“CS~«iCOOO NH) dm 


Note 1. In EPROM programming mode, CNVgzg is 22.0V. . ’ 
2. 600mW for'QFP type. 

















RECOMMEND OPERATING CONDITIONS 


(Vec=5V4E5%, Ta=—10~70°, unless otherwise noted) 


eee ie 
F Vina | "H" input voltage Pa5~PS), Pay~Pér, No~INVCNVes | O.8Vec | __ 

“H” input voltage Ro~R3 10.4Vce| | Voc 

ee 

| Vin fe cael 





| Vin | 

Vin ["H input voltage RESET, Xn Xow ——SSS*«*dCO Ve | 
“L” input voltage POg~P07, Plo~P17, P29~P27 

jv [ratio ravens oy 

| Vn | “b" input voltage Ro~Ro 


po 
vic | Urinput votage RESET ———C=C~“‘“‘SCS*é~CSC‘ 
Pvc [Lnput votage Xu Xen 
ea 
Ea 
ome 
a 






Vcc 
Vss 
Vin 
Vin 
Vin 
Vin 
Vin 
Vit 
Vit 
Vit 


“i” sum output current POg~P07, Plo~P17, P29~P27 

“H” peak output current P39~P37, P4p9~P47 he al 
“L” average output current POg~P07, P19~P17, P29~P27 

“H” average output current Port P39~P37, P4p~P4;7 


“L” average output current Port P39~P37, P49~P47 || 





























Clock oscillating frequency 


f Clock oscillating frequency 
(Xcin) for clock function 


Note 1. The maximum “H” input voltage for CNVss is +21V. 
2. The duty cycle for these oscillation frequency is 50%. . 
3. When the low speed mode is used, the clock input oscillation frequency for the timer must satisfy 
the following expression ° 
(Xo) <4(Xj)/ 3 . | 
4. The avarage output current lox(avg) and lo.cavg) are the average value during a 100ms cycle. 
5. f(x;y) Must be less than 50kHz when the external clock is to be used. 
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ELECTRICAL CHARACTERISTICS (Voc=5V+5%, Vss=0 V, Ta=25C, £(X,)=4 MHz, unless otherwise noted) 


Parameter Test Conditions 
; Typ. 


“H” output voltage P39~P37, P4g~P4y lox=—5MA 
Vo “H” output voitage ¢ lon=—2. 5mA 


H 
H 
“L” output voltage P0p~PO7, Pio~P17, P2>~P2y, | asin 
P3p9~P37, P4g~ P47 
= aes 
Hysteresis P39/INT;, P3,/INTo, P4./INT3, P4,/INT4 _ | use as interrupt-input 


“L” input current POg~P07, Pl9o~P17, P29~P27, r, 
P39~ P37, P49~ P47 


“L” input current RESET, Xin, Xcin, Ro~Rs3 Vi= 


a 
=v 
“H” input current POg~P07, Pl9~P17, P29~P2z7, ; 
iH : Vi=5V 
. P39 P37, P49>~P47 
=5, not use a8 analog 
ies! =5V 
ie ol =5V 











© 
w ww | Ww 





Oo 
ww 


oO 
WwW 





= 

oO 
o) o) 
o}—}wi}—] rn 














“H” input current INo~IN7 V,=5V, not use as analog input 


Open output ports, Vp=Vec, °- 





; : ; ; : Xin=4MHz 
Input port is Vss, at normal operation. 


Input port is Vss, at wait mode. 

Open output ports, Vp=Vcc, 

Input port is Vgg, at normal operation, = e 200 
stop Xin and Xogur, Xcin=32kHz. 

Open output ports, Ve=Vcc, . 

Input port is Vgg, at wait mode, mA 
stop Xin and Xour, Xcin=32kHz. 


Se wi Saale ferBC Voom) | OT || eA 
cas TMC vec] | | 10 | A 
Supply current for A-D _| at A-D converting time ee ee ee 


















Supply current 
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=4MHz Ceramic resonator 
=32. 768kHz Quartz crystal 


= PSONAIOL 


=1M0 
=10pF 
=30pF 
=10MQ 
=100k2 





Fig.3 Test circuit for measuring supply current 


\ 


A-D CONVERTER CHARACTERISTICS | (Voc=5V, Vss=0V, Ta=25C, f(Xin)=4MHz, unless otherwise noted) 


| Limits 
Parameter Test Conditions Unit 


re 
See AE SARE OSS 
ial 
— 


——_ == 
[Reterencempatvetage ——SOSSCSC“‘“~*S*~*dCSC“‘(C‘SNSNNC#”#CNC“(“#NSNNNNN + 
Fanaiog input votege ——SSSSSCSCSCSCS*dSCOSCSS 


=e 








MITSUBISHI | 5A 
ELECTRIC | 





MITSUBISHI MICROCOMPUTERS 


M50944E-XXXSP/FP 
| M50944ES 


EPROM VERSION of MS0944-XXXSP/FP 





TIMING REQUIREMENTS 


Single-chip mode (Vcc=5V#5 %, Vss=OV, Ta=25, fx,,)= 4 MHz unless other wise noted) 


Port PO input setup time 





Limits a? 2 
Unit 
Typ Max. 


< 


Nh 
ol 








NO 
Sw 
a 


Nh 
NS 
oO 


tsuce1D— 


Port P1 input setup time 


ie) 
Sw 
Oo 


¢) 
¢) 


SINT N 
O;O};O 


Port R input setup time 
Port IN input setup time . 27 
Port PO input hold time : 


oO 








ae 


Port IN input hold time 


External clock input pulse width (Xin 


teixyy | Exoral clock input cycle ime iq) _——=S=SSSCSCSCSCSC~“‘“<CS 8 
pea eee a 
T twoxay) | Eternal clock input puse width (Xen) _—=SSSCSCSCSC~“‘“‘“Ss“‘“<CS 


oO 





NO 
NI] Q MTR TM TMT MER] PR 
HS |NMIA;LO;O)O;O;O;O}0O)0O 





External clock rising edge time 
External clock falling edge time 





Memory expanding | mode and eva-chip mode 


(Vec=5VE5%, Ves=OV, Ta=25C, f(x;,)= 4 MHz unless otherwise noted) 


Test conditions 
[restenosis Typ. 
Port PO input setup time 
Port P1 input setup time 

9) 












Parameter 





Port P1 input hold time 
Port P2 input hold time 


Microprocessor Mode (Vcc=5V+5%, Vss=0V, Ta=25C, fixy)= 4 MHz unless otherwise noted) — 


| smb | rameter | Limits 
Symbol Parameter Test conditions 
—Testcondtns | Min. | 


teucrao» [Pon Peinputscuptme SSSCSC~“~S“~*S*S=“‘“—CSSC“‘“‘SCNSC*d 
F thesreny | Port P2 input oldtine So 






Unit 
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TIMING DIAGRAMS 


In single-chip mode ? 


Port PO output 


Port PO input 


Port P1 output 


Port P1 input 


Port P2 output 


: Port P2 input 


Port P3 output 


Port P3 input 


Port P4 output 


Port P4 input 


Port R input 


Port IN input 


foxy) 
OF. 
fxcin) 


td (¢—Poq) 





>. 















aaa: _ 
, th (¢—Pop' 
td (¢—P1qQ) 
>. ara | 
th (e-Pip) 
td ( ¢—Pp2aQ) 
KM 
tsu i p2p—-¢) 
th (¢—P2D) 
td (4—P30) 
>, Gs 
a: _ 
th (¢—pP3D) 


td (¢—paa) 


tsu (Pap—¢) 





— thi¢—-pap) 


th (¢—-AD) 


| th (6—-IND) 


tsu (iIND—¢) 


toxin) or to(xein) 









twixiy) or tw(xein) 
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In memory expanding mode and eva-chip mode 


td (¢—Poa) td (¢—POAF) td (¢—Poor: 


i 


td (¢—Poa) 





Port PO output 









tsu (Ppop—¢) 
- Port PO input 


th(¢—Pop) 
i 
td (¢—Pia) td (¢—P1Ar) td(¢—P1aF) 


Port P1 output 


Port P1 input — 


ra 


Port P2 output 


Port P2 input 
th (¢—p2p) 


<— td (¢—p3,0F: 


Port P4, output (R/W) 


td (¢—P3,aF) 


Port P4, output (SYNC) 


td (g—P3,Q) © 


“ 
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In microprocessor mode 


Port PO output 


Port P1 output 


Port P2 output 


Port P2 input 


| 
Port P4) output (R/W) 


Port P4, output (SYNC) 


td (¢—Poa) 











td (¢—p20) td (¢-Pp20F) 


>. a) 


tsu (p20-¢) 


th (¢—p20). 
td (¢—A/w) 


\Z 


< Ne 


p= 


4 


\Z 
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Notice: This is not a final specification. Some 
parametric limits are subject to change. 





DESCRIPTION 
The M50957E-XXXSP is a single-chip microcomputer de- 


signed with CMOS silicon gate technology. It is housed ina 


 64-pin shrink plastic molded DIP. The features of this chip 
are similar to those of the M50957-XXXSP except that this 
chip has a 81920-bit (10240 wordsX8 bits) EPROM built in. 
This ‘single-chip microcomputer is useful for home electric- 
al appliances and consumer appliance controllers. | 
In addition to its simple instruction sets, the EPROM, RAM, 
and I/O addresses are placed on the same memory map to 
‘ enable easy programming. Since general purpose EPROM 
writers can be used for the built-in EPROM, this chip is 
suitable for small quantity production runs. 


DISTINCTIVE FEATURES 


@ Number of basic instructions Perr errre rere rr eee eee eee ee ee eee 69 
@ Memory size EPROM crrerrserttssstesrertee 10240 bytes 
- RAM Serre errr reer eee eee eee eee ee ee 256 bytes 


@® Instruction execution time 
4.9us (minimum instructions at 4.2MHz frequency) 
@ Single power supply -**-+::- 4.0~5.5V(at fx)=4.2MHz) 
8.5 ~ 5.5V. (below f(x.) = 1.0MHz) 


@ Power dissipation | 

normal operation mode (at. 4.2MHz frequency) 20mW 
@ Subroutine nesting sre 96 levels (Max.) 
e Interrupt ste neeeoenees Senet enna e teen eee eeeeenees 7 types, 5 vectors 
@ 8-bit timer:::1-+:+-+-++++-++3 (2 when used as serial I/O) 
@ Programmable I/O (Ports P2, P3, P6) ssf 22 
e Input ports (Port P5g~P5z) rises Gavnees sereeneenenes 6 
@ High-voltage output ports . | 

(Port PO, P1, P4, P5o, P5,) SeunetuSea tines suntan ecnasa esses 6 
@ Serial |/O (8-bit) pam T RAL bap wae Mumba Sted Roa Veleewiukwesetareed wns seed 
@ PWM function: wales boar yitin's 6 ace diate bias e 4:d ole yes 8% 14-bit 1 
| | 6-bitx 2 


@ Two clock generator circuits (One is for main clock, the 
other is for clock function) | 
@® Generating function for clock input of EAROM 


e Comparator Cece meme eee cece errr reece e eer eees eee eee eee sesesesererees 1 . 
@ EPROM(equivalent to the M5L27128) 

program voltage ome ee rece cerceevere eee seseeee teateeereeeeneees 21V 
APPLICATION 


Office automation equipment 
VCR, Tuner, Audio-visual equipment 
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PIN CONFIGURATION (TOP VIEW) 


Vcc [64] —» P4, 
P65 +> 
— P4, 

—+> P4, High-voltage 
— Pd, output port ES 
— P4, 

— P4, 

— P4, 

— P0)/Apo 
— PO0,/A;, 
























P63/PWM3 + 
P6./PWM2 +> 
P6,/PWM1 + 
P6)/T + 
P29/Do > 
P2,/D, 
P2./D. +> 


1/O port P6 








I/O port P2 os 7 Pee | High- 
P2,/D, + — P03/A3 | voltage 
P2s/Ds +* z= PA POWs | oor Po 
P2,/D5 +> a > PO«/As. 
P2;/D, + < © —+ P06/Ag 
P3,/Sapy + 2 a — PO,/A, 
—P36/CLK ++ tae — P1o/Ag 
P3s/Sour/CE bee yh s —™ PIy/Ag 
V0 P3,/Sin/OE Oo — Ple/Ato | sigh: 
port P3) P3./ANin/PGM + By — P13/A;, | voltage 
P3./CNTR SPs Aig) sae 
P3, +> — P1s/Ai3 
P35 ++ —+> P1¢6/Ay,4 
P53/INT; > — P17/Ai5 


| t t P5 
nput por | P5./INTs 





— PSo | High-voltage 


CNVss/Vpp —+ P5, | output port PS 
Reset input RESET > ‘Vp Pull-down 
Clock input Xin > ps, voltage input 





Clock output 


Clock input for . 
clock function 
Clock output for Xcout *— 
clock function 


Xout * + P5; 
+ P5 


— P5; 


Input port P5 
Xcin 


Vss = d Timing output 
64P4B (OTP) 
Outline 64518 (Window) 
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Pull-down voltage 








Clock Clock Clock input Clock output 
input —_ output for for besos : 
is Put Glock function Clock function Timing Reset input 


Xin Xout Xcin. Xcour ? — output RESET 





Clock generating circuit 


Address bus 







8-bit ' 
Arithemetic 
and logical 
unit 












_} Accumulator 


status 
A(8) 


ANin 


ee ee Se 


L 466569 
High-voltage output High-voltage output 
Port PQ Port P1 








Processor 


register FS (8) 


input 
Vp 


256bytes 


P 


I/O port P2 


2(8) 
UU 


EIEHENENES)— - CAAA NANNING - CNN) 


~ (5v) 
Voc 


Data bus 





Program 
counter — 
PC(8) 


(Ov) 


Vss 


—__O—@---@— 


-- 7 7 
U 







(OV) 
CNVss 


Program 
counter 
PC, (8) 


index 
register 


I/O port P3 











ROM 
10240bytes 





















1/0 port P4 


6XEDECNENENEDGD- - —GOBILDENENGNGIGD— - —CXO) 


cr ee ea, Ce 


Timer count source selection circuit 


fa Instruction 
Ky Timer 2 72(8) register 
(8) 
Instruction 
decoder 






yy Timer 3 T3(8) 


Control signal 


PWM circuit 


INT INT, 


p5(8) 











Output and input port I/O port P6 
(a part of high-voltage port) 


: ere ee 
we ee oe RD SS ee Ee, ae a a ee ee 


—~ 


‘dSXXX-ZS60SIN 40 NOISUAA WOYda 


SALS60SIN 
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FUNCTIONS OF M50957E-XXXSP 


Parameter ‘Functions 


Number of basic instructions 
Instruction execution time 1.908 (minimum instructions, at 4. 2MHz frequency) 
4,2MHz 
10240bytes (Note 1 ) 
256bytes 
8-bitX3 (High voltage P-channel open drain; Vcc—38V) 
1/0 8-bitX2 (P3 can partially be used as among serial 1/0, clock input for timer 3 and normal 1/0.) 
Output. 2-bitX1 (High voltage P-channel open drain; Vec—38V) 
2-bitX1 (Can be used as an input for either INT2 or INT;.) 
4-bitX1 
/O 6-bitX1 (Can be used as T; output or PWM output.) 


Clock frequency 


Memory size 


; _ ; \ 


| 
> 
= 


PO, P1, P4 


Input/Output ports 





P54~P7 


Serial I/O 8-bitX1 


Subroutine nesting 96levels (max) 


Two external interrupts, three internal timer interrupts 
interrupt . : 
(or timerX2, serial |1/OX1) ' 


Clock generating circuit ; Two built-in circuits (externally connected ceramic or quartz crystal oscillator) 
. at f(Xin) =4. 2MHz 4.0~5.5V , 
Supply voltage 


below f(Xi)=1. OMHz : 3.5~5, 5V 


at high-speed operation 20mW (clock frequency Xin=4. 2MHz) ; 
at low-speed operation 0. 3mW (clock frequency Xoin=32kHz) 


at stop mode . 5uW (when clock is stopped) 
12V (Input/output P2, P3, P52~P57 except P33) 
Vec—38V (PO, P1, P4, P59, P5;) 
—0.3V~Voc+0. 3V (input/output P6) 
10mA (P2, P3: N-channel open drain) . 
—18mA (PO, P1 : high-voltage P-channel open drain) 












Power dissipation 


Input/Output voltage 





Input/Output characteristics 
Output current : ; 
—12mA(P4, P59, P5; : high-voltage P-channel open drain) 
0.5~—0.5mA (P6: CMOS tri-states) 


=10~708 
ae 64-pin shrink plastic molded DIP 
. 64-pin shrink ceramic DIP 


Note 1 : The EPROM programing voltage is 21V(equivalent to the M5L27128). 


\ 
\ 
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PIN DESCRIPTION 


Input/ . 
Terminal Name P _. Functions 
Output 


Voc Singl-chip Power sical Power supply inputs 4.0~ 5.5V at f(Xn) = 4.2MHz and 3.5~ 5.5V below f (Xin) = 
Vss /EPROM 1.0MHz to Vcc, and OV to Vss. 
/Vep 


RESET Single-chip RESET input Input To reset, keep this input terminal low for more than 2us ain) under normal Voc 
conditions. If more is needed for the crystal oscillator to stabilize, this “L” condition 
. should be maintained for the required time. | 7 












Single-chip Clock input . Connect a ceramic or a quartz crystal oscillator between X\y and Xoyr for clock 


/EPROM 


Timing output 


a 


oscillation. If an external clock input is used, connect the clock input to the Xin pin 
and open the Xour pin. 







Xout 






















Single-chip For timing output. 


/EPROM 












This is the I/O pins of the clock generating circuit for the function. To control gener- 
ating frequency, an external ceramic or a quartz crystal oscillator is connected be- 
tween the Xcin and Xcour pins. If an external clock is used, the clock source should 
be connected to the Xciw pin and the Xcour pin should be left open. This clock can 
be used as a program controlled the system clock. 


Clock input for clock 
function 


Xcin Single-chip 






















Clock output for clock 
function 


Output 


Xcout 






Xcin and Xcourt pins are left open. 





Singl-chip Output port P1 Port PO is an 8-bit output port. Output structure is high-voltage P-channel open 
drain. A pull-down transistor is built in between the Vp pin and this port. At reset, 
this port is set to a “L” level. 


PQo 


q 
Uv 
s) 
N 





EPROM Address input Ag~A7 PO works as the lower 8 bit address input (Ag~Az). 
lo~P17 Single-chip Output port P1 Output - Port P1 is an 8-bit papi port and has basically the same functions as port PO. 


| — 


Single-chip I/O port P2 © 7 
Data input/ Port P2 works as an 8-bit data bus (Dg~D7) but needs 10k pull-up resister. 
Output Do~D7 


Single-chip I/O port P3 


Select mode P35, P34, P33, work as CE, OE and PGM input, respectively. 
Connect P32~P3p, to OV and P37 and P32, to 5V. 
45~P4, ‘Single- chip Output port P4 output | 








P19~P1s5 works as the higher 5 bit address inputs (Ag~Aj3). 
Connect P1¢6, P17 to Vec. 








Port P2 is an 8-bit |/O port with directional registers allowing each 1/0 bit to be indi- 
vidually programmed as input or output. At reset, this port is set to input mode. 
The output structure is N-channel open drain. 





VU U 
& & 
U0 U 
@ N 
Ni N 


Port P3 is an 8-bit I/O port and has basically the same functions as port P2. When 
serial I/O is used, P37, P3.g, R35, and P34 work as Saoyi CLK, Sour, and Sjy pins, re- 
specitively. P33 works as an analog input for comparator, and P32 works as a clock 
input for timer 3. | . 





Port P4 is an 8-bit output port which has the same function as Port PO. 
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PIN DESCRIPTION 


Output port P5 


Single-chip 













Functions 





ee chip Bit O and 1 of port P5 are 2-bit output port and has basically the same functions as 


port PO. 












Connect to OV. 







P52/INTo Bit 2 and 3 of port P5 are 2-bit input port and are in common with interrupt inputs. 


P53/INT, 


—_ Bel 
P54~ P57 | | input Bit 4~7 of port P5 are 4-bit input port. 


Single-chip I/O port P6 














Port P6 is a 8-bit |/O port with directional registers allowing each 1/0 bit to be indi- 
vidually programmed as input or output. The output structure is CMOS tri-state out- 
put. P69, P6;, P62, P63 can be programmed to function as timer output pin (T), PWM 
output pins (PWM1, PWM2, and PWM3), respectively. 


ouput | Connect to OV. 








| eprom | outpu port 
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EPROM MODE Table 1 Pin function in EPROM programming mode 
The M50957E-XXXSP features an EPROM mode in addition 
to its normal modes. When the RESET signal level is low 
(“L”) , the chip automatically enters the EPROM mode. 
Table 1 list the correspondence between pins and Figure 1 
gives the pin connections in the EPROM mode. When in 
the EPROM mode, ports PO, P1, P2, P33~P3s, and CNVsz 
are used for the EPROM (equivalent to the M5L27128) . 
When in this mode, the built-in EPROM can be written to or 
read from using these pins in the same way as with the 
M5L27128. The oscillator should be connected to the Xj 
and Xour pins, or external clock snenid be connected to 
the Xj pin. 





(es ee. | fal ~ [ea] > Pao 











P6, + [2] —> Pd, 
64 +> se P4. 
P63/PWM3 +> 61] > P4, 
P6./PWM2 + 160] + P4, 
P6,/PWM1 + [6] — P4; 
P6,/T +> — P4, 
P2,/D7 +> [8] — P4, 
P2¢/De + L — P09/Ao 
P2/Ds +> — P0,/A, 
P2,/D4 +> — P0./A> ; 
P2,/D3 > — P03/A3 
P22/D2 ++ | — P0,/A, 
P2,/D, ++ < — P05/As 
P29/Do > 8 — P0s/Ag x 
P3,/Sapy +> La = — P0;/Ay 
P3./CLK ++ v 48) > Pto/As 
(CE) P3,/Sour/CE + [ig] s< — P1,/Ag . 
(OE) P3,/Sn/OE + [19 25 [46] — P12/Aip———10) 
(6K)——P33/ANiy/PGM + - + P1s/Aii———ar) | Veo 
P3./CNTR + © [44] + P14/Ar——a)| -O 
P3, + | aig P15/Ayg——ns) 
P3) +> | + Pl, Ea 
P53/INT; > — Pl, 
: P52/INT2 40} P5o 
Ge) f op CNV ss! Ver — P5, 
RESET — —Vp 
Ga) Ceramic AN rae 
fy) Oscillating Xour + Ns 
circuit Xcin +— P55 
Xcout *— a PS7 
(9) Vig , +p 
Vss Vss 





(): Same functions as M5L27128 | 





Fig.1 Pin connection in EPROM programming mode 
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EPROM READING, WRITING AND 
ERASING / 

Reading | 

To read the EPROM, set the CE and OE pins to a “L” level, 
and the PGM pin to a “H” level. Input the address of the 
data (Ao~Ai3) to be read and the data will be output to the 
I/O pins Do~ D7. The data I/O pins will be floating’ when 
either the CE or OE pins are in the “H” state. 





Writing 
To write to the EPROM, set the CE pin to a “L” level and 


the OE pin to a “H” level. The CPU will enter the program 


mode when Vpp is applied to the Vpp pin. The address to” 


be written to is selected with pins Aj~Aj3, and the data to 
be written is input to pins Do~D,. Set the PGM pin to a “L” 
level to begin writing. 





Erasing 

Data can only be erased on the M50957ES ceramic sec 
age, which includes a window. To erase data on this chip, 
use an ultraviolet light source with a 2537 Angstrom wave 
length. The minimum radiation power necessary tor erasing 
is 15W:s/cm?. 


Table 2. 1/O signal in each mode 


Mode — 


Read- out 
: 


Note 1° Vit and Vix indicate a “L” and “H” input voltage, respectively. 
2: AnX indicates either Vi, or Viy. 











Pulse VaVad a Sa Deore ee 
a a a a Output 
X 


NOTES ON HANDLING 

(1) Sunlight and fluorescent light contain wave lengths 
capable of erasing data. For ceramic package types, 
cover the transparent window with a seal (provided) 
when this chip is in use. However, this seal must not 
contact the lead pins. | 

(2) Before erasing, the glass should be cleaned and stains 
such as finger prints should be removed thoroughly. If 
these stains are not removed, complete erasure of the 
data could be prevented. 


(3) Since a high voltage (21V) is used to write data, care 


should be taken when turning on the EPROM writer's 
power. 







Data 1/O 
(8~15) 


ce ce 
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ABSOLUTE MAXIMUM RATINGS 
Parameter 


Supply voltage 






















[aings dt 





< 
Q 
) 


Pull-down input voltage Vec—40~Vece+0. 3 V 
Input voltage, P29 ~P27, P39~P32, P3,~P37 : 
Vi —0.3~13 V 
P50/INT2, P53/INT, 






Input voltage, CNVss 

Input voltage, RESET, Xin, Xcin 

Input voltage, P69~P6s, P33 

Input voltage, P54~ P57 

Output voltage, P2>~P2;, P3>~P32, P3,~P37 

Output voltage, P69~P6s, Xout, Xcour, ¢, P33 

Output voltage, POp~P0;, Plg~P17, P4o~P47, P5o, PS: 

Power dissipation Ta= mW 
Cee ee 


Storage temperature —40~125 G 


7 an 
ae 


With respect to Vss. 







<< 


Output transistors cut-off. 











Limits 
Parameter 


ep) 
< 
| 
o 
Oo 
: 


< 

@) 

fe) 

: = 
oo] | > 
elolf 
ojo} = 
in| on} x 


ol a < 
fe) fo) 9) 


f(x;y) = 4. 2MHzZ 
f(xy) =less than1MHz(Note 6 ) 3 
Pull-down supply voltage -| Veg—38 
Vss Supply voltage 
“H” input voltage P29>~P27, P39~P37, CNVss(Note 1 ) 
Vin : 0. 75Vcc 
P52/INT2, P53/INT;, P6g~ P65 


“H” input voltage RESET, Xin, Xcin 0. 8Vcc 
“H” input voltage P54~P57 0.4Vec 


Vv “L” input voltage P29~P27, P39~P37, CNVss 
is P5o/INT2, P53/INT;, P6y~P6s 
“L” input voltage RESET 


Supply voltage 


Cc 


0. 25Vcc 


IL 


ae 


4 


V “L” input voltage Xin, Xcin 
V 


a ae “L” input voltage P54~P57 


IL 
IL 
“H" sum output current POg~PO07, P1p~P17, P49~P4z 
lon(sum) P5o, P5; 


“H” sum output current P69~P6s5 

“L” sum output current P29~P27, P89 ~P37 

“L” sum output current P69~P6s5 

“H”" peak output current PQgo~P0, 

“H” peak output current PO0s~PQ7, Pl9~P17 

“H” peak output current P69~P6s5 

“L” peak output current P29~P2z, P39~ P37 . 

“L” peak output current P69~P65 

“H" average output current P4g~P4z, P5o, P5y 

“H” average output current P69~P65 

“L” average output current P69~P6s5 

pues : counter clock input 
oscillation frequency (Note 2) 

Clock input oscillating frequency (Note 2, 3, 5) 

Clock oscillating frequency for clock function 


Note 1 : High-level input voltage of up to +12V may be applied to permissible for ports P29>~P22, P39~ 
P32, P84~P37, P5. and P53, and +21V for port CNVss. _ 

Oscillatlon frequency is at 50% duty cycle. . 

When used in the low-speed mode, the timer clock input frequency should be fcxiny < foxun)/3. 
The average output current lo.(avg) and lon(avg) are in period of 100ms. 

When external clock input is used, the timer clock input frequency should be f(xcin) S SOKHz. 
4,0~5. 5V at comparator mode. 





ol 
Oo 


w | |} 
Ololn oa} Oo 
3 
> 





3 


3 
P| >| PD > |> 


% 
3 







3 


—| | 
=, 


|| | 
ig 
>| > 










é 
; 
> 


“L” average output current P2o~P2z, P39~ P37, P6p~P6s5 










MHz 
KHz 


A] |/ BR] oO 
© tolor: w_—s i/o 
N;,O;O;Oo};O 
x 
ak 
N 


oi 
o) 
(2) 
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ELECTRICAL CHARACTERISTICS (vec = 5V£5%, Vss = OV, Ta = 25°C, foxy) = 4MHz, unless aihervigé noted) - 


“H” output voltage ¢ lon=—2.5mA 

“L” output voltage P6)~P6s ee lo.=0. 5mA 
“L” input current P29~P27, P39~P37 =0V 

vi=0V 


“L” input current RESET, Xin, Xcin V,=0V 
“L” input current P52/INT2, P53/INT; =0V 


, P29~P27, P39 ~P37 V,;=5V 
hy “H” input current 


oa Eee pa ean | ; 








Limits 
Typ. 


Test conditions Unit 


2 
on g 
= 
slate holehal ||| : 
mj}orjo}a}—|N IN) I) ? 


<|< 
a 18 
oO} | 
llo 
N => 


= 
| 


|e 

oO ro) on 4G 

ww Ww i |] 

no] Ph 
‘= 
>| > 


< 
| 


| 
i 


P2o~P27, P89~P32, P34~P37 | Vi=12V 
“H” input current P69~P6s Vi=5V 
=5V 
Vi=12V 
| Vi=5V 

| vty 
Load current P0y~P07, P1o~P17, P4o~P4z, P50, PS; Vp=Voc—38V, Vor=Vco 
Leakage current P0g~P07, Plp~P17, P4o~P4z, P50, P5; | Vp=Vec—38V, Vor=Vcc—38V 


RAM retention voltage at clock stop . 


—_ 
NO 





< 
| 


“H” input current P54~P57 







is 
> 





RR 
>| > 


is 
> 


“H” input current P52/INT2, P53/INT, 


RR 
>|> 


ol 
oO 


— 
oa 
ine) oO 
oO 


Output pins open (output OFF) 
Vp=Vec, Vp=Vsgs Input and |/O pins all at Vss 
Xin=4MHz (system operation) 







| 
> 


on 

ee = 
is 
> 


ie 


ditto (at comparator operating) 


ditto (at wait mode) 


Xin—Xour stop 
Xcin=32kHz (at’system operation) all other 
conditions same as above. 


|e 
3 k 
b/s BRI 5 |BBBBBBBE 


mA 
Supply current © 


> 






200 lu 


ditto (at wait mode) 


Oscillation all stopped. | Ta=25°C 
(at STOP mode) —_| Ta=70°C a 


[~ 
> 


g 
> 


* 10 . UA 
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COMPARATOR CHARACTERISTICS (vec = 5V+5%, Vss = OV, Ta = 25°C, foxy) = 4MHz) 


| 
Parameter Test conditions ; Unit 

a ee | "atin. | typ. | Max. | 
Resolution | tc | 
internal analog vollage inaccuracy a CT 


Analog input voltage eee ee i ee ce Se eed 
























X;=4MHz ceramic oscillator 
X2=32. 768kHz quartz crystal 


C,=C,=30pF oscillator 
R,=1MN 

C3=10pF 

C,=30pF 

R2=10M2 

R3=100kN 


Output pins are open 





Fig.2 Supply current test circuit 
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@ Instruction execution time 
eretens 2us (minimum instructions at 4MHz frequency) 
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> P1c/Ay3 
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EPROM VERSION of MS50963-XXXSP/FP 


| DESCRIPTION | : 
The M50963E-XXXSP is a single- -chip microcomputer de- PIN CONFIGURATION (TOP VIEW) 
signed with CMOS silicon gate technology. It is housed in a | 
64-pin shrink plastic molded DIP. The features of this chip be BA] ++ P2o/Do 
are similar to those of the M50963-XXXSP except that this Reference voltage pes 
chip has a 81920-bit (10240 words X 8 bits) EPROM built in. rr ae opps ie 
This single-chip microcomputer is useful for home electric- ++ P2,/D, | Port P2 
al appliances and consumer appliance controllers. ++ P2./Ds 
In addition to its simple instruction sets, the EPROM, RAM, | > P2./D, 
and I/O addresses are placed on the same memory map to +> P2,/D;7 
enable easy programming. Since general purpose EPROM + POo/Ao 
writers can be used for the built-in EPROM, this chip is ee POWAY. i" 
suitable for small quantity production runs. Baan es - a 
The M50963ES and the M50963EFS are the window type. te ba JAN se a aie 
The differences between the M50963E-XXXSP and the port Pa P4,/ANa + < + POs/As 
M50963EFS are the package outline and the power dis- P4,/AN2/GE = = ++ P0g/As 
sipation ability(absolute maximum ratings). P4,/OE + 2 © ++ PO;/A; 
P4o/PGM + 5 ¥ + Plo/As | 
DISTINCTIVE FEATURES P37/Sapy +* mM ++ P1,/Ag 
® Number of basic instructions: ::crcctt rete ee tee tt ee eet etnies 69 P3¢/CLK ++ 2 +> P15/Ay9 | 
@ Memory size ROM vrrrsrsssrssereeeeeteteeees 10240 bytes P3s/Sour ** ++ P13/Ay, 
RANA crvaste nti oosnneonindarsvereudiede. 160 bytes P34/Sin + +> P14/Ai2 








) Single power supply SePis SAREE Eee RENN ReeKeeweNES piers 5V45% P3, ++ aeips. 
® Power dissipation Interrupt input INT; > — P5, 
: normal operation mode (at 4MHz frequency) ----15mW CNVso/Vep + P5, 

-@ Subroutine nesting rc 80 ‘levels (Max.) Reset input = RESET — + P5, input 
© Interrupt wiaihdetbiha's venueld paws buwedeceaeeownees 7 types, 5 vectors Clock input pa P54/ED, port P5 
@ 8-bit timers: eae aT OTe rn een eee Teer 4 oe output = PSs/EDs 
© Programmable I/O ports (Ports PO, P1, P2, P3, P4)---- 40 i a os at 
@ Input ports (Port P5)scccreteceetee reese eeeeeeeeee esse essen eeeenes 8 64P4B SIE) D; 

@ Output ports (Port P6) powear eetmetatainaedn ani de geet er etandt tegen sg Outline Window) 
© Serial I/O (8-bit) ebGiarqiechiorarasi ore eia cated ora lbia wate 4 dreesie WoraWinve!e a eineiee Greats 1 
@ A-D converter::::::::++*+::: 8-bit successive approximation faye) 
@ D-Aconverter — vv 
® 8-bit PWM function id 
© Watchdog timer 
@ EPROM (equivalent to the M5L27128) 
program youeee | WOsADa adie tap awaeeSerigan Reseaceniae nes au ais o1V 
APPLICATION | M50963E-XXXFP 
Office automation equipment ai 
VCR, Tuner, Audio-visual equipment 
| M50963EFS 
6 
ae oe ee 
Sax 5 20 
Neo SZ 
pageee 
soon o3 
Outline 22P6 (OTP) 
72S6 (Window) NC : No connection 
5—56 MITSUBISHI 
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M50963E-XXXSP BLOCK DIAGRAM 





Clock ; 
Clock input output = Timing output = Interrupt input Reset input 
XIN Xourt im) ° INT, : RESET 





- Clock generating circuit 


Processor 
f : 
Watchdog timer . status register 
PS(8) 






























I 
l 
i> ee ee 8-bit 
m= arithmetic RAM 
P= 
m=]. and logical Accumulator 160 bytes Hider 10240 bytes 
oe | ; als) register Y(8) 
20 | 
OW 
= 
| ; 
| 
i Py 
! a 
P6(4) | pat) | a 
| a obs 
EXT BX9)HE MS 2 (35)36K3738) BXISY2OK 2129232425) (5 758XE9YGOKE1NE2V63V64) 
~ Output — D-A \ Ver Ne ——————--—_—_—_ — 
— port PG PWM Input port P5 VO port PA port P4 I/O port P3 1/O port P2 
i 
N 
























| Preseler 
ee 











41X42 43 44145 X46\47)48) 


VO potPl port P1 


52153 64\55)56)— 


~~ VO potPO port PO 


Instruction 

register (8) 

Instruction 
decoder 


Control signal 








PO(8) 
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FUNCTIONS OF M50963E-XXXSP 







Parameter 


Functions 





Number of basic instructions : 


Instruction execution time 2us (minimum instructions, at 4MHz frequency) 


EPROM 10240bytes (Note 1 ) | 
Memory Size : 
RAM . 160bytes — ‘“ 
| 1-bitX1 : : 
/0 . + | 8-bitX5 (a part of P3 is common with serial I/O, timer I/O, and interrupt input) 
8-bitX 1 
4-bitX1 (a part of P6 is in common with external trigger output pin) 







INT; 


; PO, P1, P2, P3, P4 
Input/Output ports 


“bitXS ( i 
an ees ("oe Sere SPREE ECE 
Clock generating circuit 
Power dissipation 15mW (at 4MHz frequency) 
12V (Ports PO, P1, P3, P4, P5, P6, INT;) 
5mA (Ports PO, Pt, P2, P3, PA) 
MS0963EFS | 


Note 1 : The EPROM programing voltage is 21V (equivalent to the M5L27128). 









Input/Output characteristics 












: \ 





Package 
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PIN DESCRIPTION 


Voc . 
Vss 


CNVss Singl-chip CNVszg input 
EPROM Vpp input : 


















P5o~ P57 


















Singl-chip 
/EPROM 


Single-chip 


Single-chip 
/EPROM 


Single-chip 
/EPROM 


EPROM 


Singl-chip 


Single-chip 


Single-chip 


Single-chip 


EPROM 


Single-chip 


EPROM 

















Single-chip” -Input port 











Name 


Power supply 






RESET input 


RESET input 


Clock input 


Clock output 


Timing output Output 





Interrupt input Input 


I/O port PO 


ae ee ee ee ee ees 





Address input Ap~A;7 
1/O port P1 


Address input Ag~Aj43 
I/O port P2 
Data input/ 


output Do~ D7 


I/O port P3 





Input Port P3 Input 


1/0 port P4 1/0 


Select mode 








Input port Input 
























Functions 





Supply 5V+5% to Voc and OV to Vss. 


Connect to OV. 


Connect to Vpp when programming or verifing. 





To reset, keep this input terminal low for more than 2us (min) under normal Vcc 
conditions. If more time is needed for the crystal oscillator to stabilize, this “L” con- 
dition should be maintained for the required time. 







Connect to Vss. 


Connect a ceramic or a quartz crystal oscillator between Xj and Xourt for clock 
oscillation. If an external clock input is used, connect the clock input to the Xn pin 
and open the Xour pin. 







For timing output. 





Interrupt input INT}. 





Connect to OV. 


Port PO is an 8-bit I/O port with direction registers which can program each bit as 
input or output. It is set to input mode at reset. The output format is N-ch open drain. 


PO works as the lower 8 bit address input (Ag~Aj). 
Port P1 is an 8-bit I/O port which has the same function as Port PO. 


P19~P1, works as the higher 5 bit address inputs (Ag~Aj3). 
Connect P15~P17 to Vec. 


Port P2 is an 8-bit I/O port which has the same function as Port PO. The output for- 
mat is CMOS. 


Port 2 works as an 8 bit data bus (Do~Dv7). 


Port P3 is an 8-bit I/O port and has basically the same functions Port PO. When se- 
rial 1/O is used, P37, P3.g, P35, and P34, work as Srov, CLK, Sour, and Sin pins, re- 
spectively. Also P33 and P3, work as CNTR pin and the lowest interrupt pin (INT>), 
respectively. The output format is N-ch open drain. 





Connect to OV. 


Port P4 is an 8-bit I/O port which has the same function as Port PO. Ports P47~ P42 
are commen with Analog inputs AN7~ANb. The output format is N-ch open drain. 





P4., P41, P49 work as CE, OE and PGM ‘inputs, respectively. 
Connect P4s~P4; to OV and P4, and P43 to Vcc. 





Port PS is an 8-bit input port. Ports P57~P5,4 have edge sence functions. 


Connect to OV. 
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‘PIN DESCRIPTION ~ a 
- Input/ 
a 


EPROM Output port Connect to OV. , 
AVss Single-chip Analog voltage input Input | GND pin for the A-D and D-A converters. 
- EPROM Analog voltage input Connect to OV. | . | 


VREF Single-chip Reference voltage Referrence input for A-D and D-A converters. 
input 
Lo EPROM Reference voltage Input Connect to OV. 
input 
D-A 


c Single-chip D-A output Output D-A converter output pin 
? EPROM D-A output ouput | Connect to OV. 






Terminal Functions 








Port P6 is an 4-bit output port. At external trigger output mode, P6> and P6, are in 
common with the trigger input pin (T) and the trigger output pin (Q), respectively. 
The output structure is N-channel open drain. 











Single-chip 













PWM Single-chip PWM output Output - Pulse width modulation output pin (N-ch open drain format). 
| EPROM PWM output Output Connect to OV. 
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EPROM MODE 

The M50963E-XXXSP features an EPROM mode in addition 
to its normal modes. When the RESET signal level is low 
Gas a a the chip automatically enters the EPROM mode. 
Table 1 list the correspondence between pins and Figure 1 
and Figure 2 give the pin connections in the EPROM mode. 
When in the EPROM mode, ports PO, P1, P2, P4g~P4o, and 
CNVss are used for the EPROM (equivalent to the 
M5L27128). When in this mode, the built-in EPROM can be 
written to or read from using these pins in the same way as 
with the M5L27128. The oscillator should be connected to 
the Xi and Xour pins, or external clock should be con- 
nected to the Xj pin. 


og Vee 1 
AVss — 

Vaer 

D-A —] 4] 

PWM + 

P63 <—[6| 

P62 + 

P6,/Q + [8) 

P6./T [9 

P4,/AN7 — [10 

P46/ANg — 

P4;/ANs — 

P44/AN,— 

P4,/AN3— 
(GE)—-P4/AN2/CE > 
P4,/OE— 
@Gy)-———. P4,/PGM — 
P3,/Sroy > [18 
P3./CLK — [19 

P3./Sour > 

P34/Sin > 

P33/CNTR > 

P3,/INT2 —> 

P3,— 

P3y —> 

INT, > 

CNVgs/Vpp 
RESET — 
Ceramic Q——X,y— 
oscilating Q— Xoy7 
circuit o= 


@ss-——— Vss 


SAE960SW 





Vss 


> : Same function as M5L27128 


40 
dSXXX-Jde960SW 





Table 1 Pin function in EPROM programming mode 


eee ee 





Voce 

; Vepp 
eee ee ee 
NOE ous cl oe POR lh en OB ws 






/ 


64] + P2o/Do 
++ P2,/D, | 
++ P2,/D» 

++ P23/D3 

60] ++ P24/D, : 
++ P2s/Ds 
++ P2,/Dg 
<> P2,/D, 
— P0o/Ao 
+ PO,/A, ———)) 
+ P02/A2 
— P03/A3 
— PO./Aa 
+— P03/As ————As) 
+ P04/As ————(‘s) 
*— P0;/Ay ————r) 
48] <— P1/Ag 
— P1,/Ag 
46] — P12/Ayop ———@1g) 
—P13/Ani 


fo) 


44) — P41 4/Ay2-———@p) 





—P16/Ai3 
Pi, 
4} — Pt, 






— P5,/ED, 
+ P5,/EDs 
+ P5,/ED, 
+ P57/ED; 





Fig. 1 Pin connection in EPROM programming mode (M509638E-XXXSP, M50963ES) 





MITSUBISHI 
ELECTRIC 





MITSUBISHI MICROCOMPUTERS 


M50963E-XXXSP/FP 
MS50963ES/EFS 


EPROM VERSION of M50963-XXXSP/FP 





M50963E-XXXFP 


++ P2.6/Dg 
++ P27/D7 


©OOOQOOO 
rz 
eB] 


©) 


or 


M50963EFS 


© 





oscilating 


circuit | 


PGM ++ 
NTR + [5] 





-P49/ 
P33/C 





C> : Same function as M5L27128 


Fig. 2 Pin connection in EPROM programing mode (M50963E-XXXFP, M50963EFS) 
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EPROM READING, WRITING AND NOTES ON HANDLING 

ERASING — | (1) Sunlight and fluorescent light contain wave lengths 

Reading capable of erasing data. For ceramic package types, 

To read the EPROM, set the CE and OE pins to a “L” level, cover the transparent window with a seal (provided) 

and the PGM pin to a “H” level. Input the address of the when this chip is in use. However, this seal must not 

data (Ap>~Aj3) to be read and the data will be output to the contact the lead pins. 

I/O pins Dp~ D7. The data I/O pins will be floating when (2) Before erasing, the glass should be’ cleaned and stains 

either the CE or OE pins are in the “H” state. —- such as finger prints should be removed thoroughly. If 
| these stains are not removed, complete erasure of the 

Writing data could be prevented. 

To write to the EPROM, set the CE pin to a “L” level and (3) Since a high voltage (21V) is used to write data, care 

the OE pin to a “H” level. The CPU will enter the program should be taken when amine on the EPROM writer’s 

mode when Vpp is applied to the Vpp pin. The address to power. 


be written to is selected with pins Ag~ Ajo, and the data to 
be written is input to pins Do ~D7. Set the PGM pin to a “L” 
level to begin writing. | 





Notes on Writing | 

When using an EPROM writer, the address range should 
be between 1800;, and 3FFF,,. When data is written be- 
tween addresses 0000;¢, and 3FFF4¢, fill addresses 0000;, 
to 17FFig with 00;6¢. 


Erasing 

Data can only be erased on the M50963ES and the 
MS0963EFS ceramic package, which includes a window. 
To erase data on this chip, use an ultraviolet light source 
with a 2537 Angstrom wave length. The minimum radiation 
power necessary for erasing is 15W:s/cm*. 


Table 2 I/O signal in each mode 


a as Dat ms 


Output 
| co ee eee Se el ee 




















Floating 


Vepp_ 


Program disable ee oe a ee 


Note 1° Vi and Viy indicate a “L” and “H” input voltage, respectively. 
2: An X indicates either Vy or Vin. 
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ABSOLUTE MAXIMUM RATINGS 


Supply voltage : —0.3~/7 
Input voltage Xin ; 7 —0.3~7 
Input voltage P29>~P27, P4,~P4 —0.3~Voec +0. 3 





Input voltage P0~PO0r, P1p~P17, P3y~P3;, P4y~P4s, | With respect to Vss ere 

_. P5g~P5z7, INT, With the output transistor cut-off a 
“P= gsi3 (Noe 
=0.3~Veo0.3 
la 


Output voltage POg~P07, Plo~P17, P3p~P37, P4o~P 4s, 
; P6)~P63, PWM 


Power dissipation Ta=25°C 











Note 1 : In EPROM programming mode, CNVgzg is 22. 0V 
2 : 300mW for QFP types. 





RECOMMENDED OPERATING CONDITIONS (Vcc=5V+5%, Ta=—10~70°, unless dnewite noted) 


sales mame | 
. , Min. Max. 
Supply voltage , 5 : 


“H” input voltage POQo~ PO,7,-P1 o~Ptz, P29~P27, 
H 
L 


Ve 
Vs 
Vv P39~P37, P4g~P47, P5p~P57, O:8Vee 
Vi 
Vi 
Vi 
















INT;, RESET, Xiy, CNVss, P60 

“L” input voltage PQg~P07, Plo~P17, P29~P27, 
P39~P37, P4p~P47, P5p~P5z, 
INT1, CNVss, P6o 


reset SSSCSC*iSC iTV 


“L” peak output current POg~P07, Plo~P17, P29~P27, 
 P89~P37, Pdg~P4y (Note 4 ) fea es ies 
“L” peak output current P6g9~P63 (Note 4 ) ee ee ee ee 
“L” peak output current PWM (Note 4 ) ee ee ee ee 


“L” average output current POg~P07, P1lp~P17, P29~P2z, 

“L” average output current P69~P63 (Note 3 ) Ee ed 

| lon(peak)| “H” peak output current P29>~P27 (Note 4 ) 
“H” average output current P29>~P2; (Note 3 ) 


Internal clock oscillating frequency 


Note 3: The average output currents lo.(avg) and lon(avg) are the average value of a period of 100ms. 
4 : Do not allow the combined low- level output current of ports PO, Pl, P2, P3, P4, P6, and PWM to 
exceed 80mA. 
Do not allow the combined high- level output current of port P2 to exceed 50mA. 
5 : “H” input voltage of ports’ PO, P1, P3, P4y~P43, P5 and INT; is available up to +12V. 





















oo) ne oo MITSUBISHI 
ELECTRIC 


MITSUBISHI MICROCOMPUTERS 


'  MS50963E-XXXSP/FP 
MS0963ES/EFS 


EPROM VERSION of M50963-XXXSP/FP 





ELECTRICAL CHARACTERISTICS (Voc=5V, Vss=0V, Ta=25C, f(xy) =4MHz, unless spereiee noted) 


' Limits 
. yp. 


: 
Pvo. | “L" output voltage POg~P07, P1g~P17, P2o>~P27 
Vot loL=10mA 
P39~P37, P4p~P47, PGp~P6, 
Beem, 
| 
: 
Via 2 eee er 
i avo lnyasenoneset 
Dies aol ee 
“L" input current POg~P07, Pip ~P17, P29~P27 
P39~P37, P4g~P47, P5g~P5z 
P6)~P63, PWM 


4 


ed 


| Min. 
Eel 
| 0.3 


GW] Ww 


0 
0 


O;1o!;o 
O1} 01! 





“H” input current PQo~P07, P19p~P17, P89 ~P37 
P49~P43, P5g~P57, P69~P63 
PWM 

“H” input current INTs, RESET, Xin, P2o-~P27 
P44~P4, . 


RAM retention voltage At clock stop 


Oo 
— 





f(xjy) =4MHz 


?, Xour, and D-A pins Square wave 


opened, other pins at 

Supply current Vss, and A-D converter 
in the finished condi- 
tion. 


At clock stop 
Ta=25 
At clock stop 
Ta=75C 



















Limits 
Parameter ; Test conditions ’ Unit, 
a ee singe ae. ee sae 














Conversion time | 50 | 


ee 
Reference input voltage 2 PT Vee. | 
a 




















| | 


D-A CONVERTER CHARACTERISTICS (Vcc=5v, Vss=AVss=0V, Ta=25C, f(x;y) =4MHz, unless otherwise (aia) 


| | Error in full scale range Vrer=Vec | 














tsu ‘| Setup time Vrer= Voc 
Reference voltage . 
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TIMING REQUIREMENTS 


Single-chip Mode. (Vec=5V+5%, Vss=0V, Tg=25T, f(xy) =4MHz, unless otherwise noted) 


| tsucroo—a) | Port POinputsetuptime 20 

| tsucpip—«) | Port Ptinputsetuptime 20 
| tsu(pao—a) | Port P2inputsetuptime 0 
| tsupao—s | Port PSinputsetuptime | 0 
i 















Port PO input hold time Vata oe 

theanrao) [Por P2inputhostime —SSSC~=“~*~*é~dYSC“‘(CS‘;SUOUOCY OOS 

thcesrao) | PorPSinputhodtime —SCSC~C“‘~‘“;~‘~‘dSC“‘<‘<;S!SC*dYC C|OCTCCCCC*d 

thcasraoy | Port Painputhoistime —SsSSSSSCSC~C~‘~;SCS~‘YS“‘“‘<‘<;‘;‘;~*s CYT SC“‘zL. C*' 
ee ee oe al 
es eed ar ea 
a emeee He teat ae 
ee ee 














External clock input cycle time 
External clock input pulse width 
External clock rising edge time 












te me tad External clock falling edge time 


Eva-chip MOdE (Vcc=5V£5%, Vss=0V, Ta=25C, fix) =4MHz, unless otherwise noted) 


~ Symbol Parameter Test conditions — Unit 
sm | rameter | testconatins a me 


em 
teucero—o | Por Pimputsetuptime ——SSSSCSC~S~“~S~“~SCS~‘i 
theron) [Port POinputholdtime ——SSSCSCSC~—~S~“—S~CS~SC~i 
ee rae oe 
eee 









Port P1 input hold time es 
Port P2 input hold time | 












Memory expanding mode and microprocessor mode 


| (Voc=5V5%, Vsg=0V, Ta=25'C, f(x,)=4MHz, unless otherwise noted) 
Symbol aac: Parameter 


Port P2 input setup time : 










thc ¢—p2D) Port P2 input hold time 
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SWITCHING CHARACTERISTICS 


Single-chip Mode (Vcc=5V+5%, Vss=OV, Ta=25C, f(x.) =4MHz, unless otherwise noted) 


Symbol Parameter Test conditions 


td(g—poaq) Port PO data output delay time 


Fig. 3 
td(g—p1aQ) Port P1 data output delay time 
td(¢—p2a) Port P2 data output delay time 
td(¢—P3aq) Port P3 data output delay time 


td(¢—p4aq) Port P4 data output delay time Fig. 3 








td(¢—p6o) Port P6 data output delay time 


Eva- -chip mode (Vec=5V15%, Vss=O0V, Ta=25°C, f(x,,.)=4MHz, unless otherwise noted) 


: | Limits 
Symbol Parameter Test conditions == 


Port PO address output delay time 
Port PO address output delay time a rae ie 


td(¢—poar) | Port PO data output delay time 200 








td(g—pta) Port P1 address output delay time 





td(¢—P1AF) Port P1 address output delay time 





td(¢—p1aq) Port P1 data output delay time 


td( ¢g—Pp1aF) Port P1 data output delay time 
td(¢—p2aQ) Port P2 data output delay time : 


td(¢—p2a0F) Port P2 data output delay time 
td(¢_r/w) _ | R/W signal output delay time 


R/W signal! output delay time 


td(¢—P3)aQ) Port P39 data output delay time 








td(¢—p3,ar) | Port P3o data output delay time 


td(¢—sync) | SYNC signal output delay time 


td(¢—syncer) | SYNC signal output delay time 





td(¢—p3,aQ) Port P3, data output delay time 


Port P3, data output delay time 








Memory expanding mode and microprocessor mode 
(Voc=5V45%, Vss=OV, Ta=25C, f(x,y) =4MHz, unless otherwise noted) 


Symbol Parameter Test conditions 


td(¢—Poa) Port PO address output delay time 





Fig. 3 
td(g—pta) Port P1 address output delay time : 


td(¢—p2aQ) Port P2 data output delay time Bias 
ig. 
td(¢—p2aF) Port P2 data output delay time : 


tas aw) R/W signal output delay time ae 
ig. 








td(¢—syYnc) SYNC signal output delay time 





Fig. 3 Ports PO, P1, P3, P4, and P6 test circuit Fig. 4 Port P2 test circuit 
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TIMING DIAGRAMS 


In single-chip mode ¢ 


Port PO output 


Port PO input 


Port P1 output 


Port P1 input 


Port P2 output 


~ Port P2 input 


Port P3 output 


Port P3 input 


Port P4 output 


Port P4 input 


‘ Port P5 input 


Port P6 output 


f (xy) 








td (¢—Poa) 


A | 


td (¢—P1Q) 


th (¢—Pop) 


4 


td (¢—P2a) 


.» 






th (¢—p10) 


; th (¢—P2D) 


tsu (P30—- 4) — 


th (¢-P3D) | 
td (¢—p4q) 
Ki | | 


tsu (pao—¢ 








<— th (¢—pap! 


_|tsu (pso—¢ 


| th (¢—Psp) 
td (¢—p6q) 
Mf 
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In eva-chip mode 








td (¢—Poar) 


Port PO output 


Port PO input 


th (¢—Pop) 
td (¢—P1aF) 


Port P1 output 


Port P1 input 


Port P2 output 


Port P2 input 
th (¢—P2p) 
<— td (¢—pa,ar) 


Port P39 output (R/W) 


td (¢—P3,aF) 


Port P3, output (SYNC) 
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In memory expanding mode and microprocessor mode. 


td (¢—poa) 





Port PO output 


td (¢—p2Q) td ($—P20F) 
Gp. 


tsu (p20-¢) 


th (¢—-p2p) 
— td (¢—R/w) oo 
>. Ga ee, 






Port P2 output 


Port P2 input 


Port P39 output (R/W) 


— td (¢—sync) 





Port P3, output (SYNC) 
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PRELIMINARY 


Notice: This is not a final specification. Some 
- parametric limits are subject to change. 








DESCRIPTION 

The M37410E6-XXXFP is a single-chip microcomputer de- 
signed with CMOS silicon gate technology. It is housed in a 
80-pin shrink plastic molded QFP. The features of this chip 
are similar to those of the M37410M4-XXXFP except that 
this chip has a 98304-bit (12288 words X 8 bits) EPROM 
built in. This single-chip microcomputer is useful for home 
electrical appliances and consumer appliance controllers. 
In addition to its simple instruction sets, the EPROM, RAM, 
and I/O addresses are placed on the same memory map to 
enable easy programming. Since general purpose EPROM 
writers can be used for the built-in EPROM, this chip is 
suitable for small quantity production runs. 


DISTINCTIVE FEATURES 


@ Number of basic instructions emer w ere e eens eeeereseesereeeevecs 69 
© Memory size EPROM ee i i 12288 bytes 
RAM seeee POeeee eee eee ee ee 2 56 bytes 


® Instruction execution time 
(minimum instructions at 8MHz frequency) 


at high-speed Mode vsrsieretrrteeee reteset ete ees 1us 

at low-speed mode errr errs ee ee eee ee ee 4us 
@ Single power supply 

f(Xin)=8MHz whe catentenaanetnee at Sse tis tala awuad 4.75~5.25V 


@ Power dissipation 
| normal operation mode (at 8MHz frequency) 

sivus alidraiw ninie Brodaue ecaubians Soasped eas Goa bale gi sielavergeere 30mW (Vec=5V, Typ.) 
low-speed operation mode (at 32kHz frequency for 
Glock function) <esse: 54uW(Vcc=8V, Typ.) 


© RAM retention voltage (stop mode) 

SR REER RESET ERECESEOSOSEOESOSOSSOSOOSOIIO vests 2.0VSVram<5.5V 
® Subroutine nesting sss 96 levels (Max.) 
(1) Interrupts screrecrc reer tee cette tte ee ee ee ees eden de 9 types, 5 vectors 
=) 8-bit LIME rec cette teen een eee e eee ee ence scent ee en eene een enes 4 
® 16-bit timer: 1 (Two 8-bit timers make one set) 
© Programmable I/O ports 

(Ports PO, P1, P2, P3, P4) ated os taidte shane u yew euseees 40 
3 Serial 1/O (8-bit) SSG drailerdb orden Saas wo Mw Ra ouaeee eee b b60See e da oheen ee tees | 
@ 


A-D converter ssrcsetr ctr 8-bit, 8-channel 
conversion speed (25us) 
@ LCD controller/driver (1/2, 1/3 bias, 1/2, 1/3, 1/4 duty) 
segment output due thas die tence yale eedleeau ies Pere re Tt, 94 
common output --+--++"- Saladin hoavose te.duard Stee Sve Bosse wie wate eS eae a ears 4 


@ Two clock generating circuits (One is for main clock, 


the other is for clock function) 
@ EPROM (equivalent to the M5L27128) 
program voltage eee ‘a lasle' eto bile), oie vee ub: ker oe Slee Wh w,6 8 o-8 ace. S. ei eseteee eee ace 21V 


APPLICATION 
Audio-visual equipment 
Remote control 
Camera 
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PIN CONFIGURATION (TOP VIEW) 





B/INs 
7/INg 
6/INz 
5/P4o 
4/P4,. 
3/P42 
2/P43 





col cel co ol cod ot oe 









SEG,9/IN, +* LU 
SEG20/IN3 [2] 

















52] + P22/D2 
51] ++ P2,/D3 
50] <> P2,/D, 
[49] > P25/Ds 
[48] > P2¢/Dg 







P53/SIG ++ [3 
P52/CNT2/GE + [i 


d4axxx-9S0lLvZEw 


46] —* POg/Ag 
45] +> PO,/A, 
[44] +> P02/A2 
[43] +> P03/A3 















P35/Sour + LY] 42] > PO4/A, 
41] > POs/As 








P34/Sin aie 


a1 
oo 
w 
wo 


PO6/Ag ore & 


ewrewrefre 


P10/Ag <> 
PO7/A7 = 


wrrrrere 


oO 


Outline 80P6S 
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| M37410E6-XXXFP BLOCK DIAGRAM 





Mi: Meuse INT; RESET - . Voc Vss 
a lnk a Gaal aa i aa a 



















. Clock 
generating 
circuit 













Processor 
status 
register 
PS(8) 


Stack 
pointer 
S(8) 





Program | Program” 
counter counter 
PC4(8) | PC_(8) 













8-bit 
arithmetic 
and 

logical 







RAM 
256bytes 














Index 
register 


Index 
register 















i Soered 





| S/O(8) 1/0(8 


} key on wake up(8) | on Toro 
LCD data memory 


| int 
lil XcIN INT2 
XcCouT pas) | 
THNTT 
TT Bllttisretziit | PPE Sco 
agegs a aa sane 
if bdbbchdh 








BEE - --@ met bees S)——— — ————_ — 120 a021220324 — GHBKIEIE EIS ITS) oo TISSUE DIODE GOS 
—_~-—-r OT : —_—_—ooee’ 4 oe ; —_——HS 
Segment output (24) Common Power I/O port P3 1/0 port P2 “0 po port Pt I/O port PO 


SEG ; output = supply . , : 
com _ forLCD a 


diXXX-PINOTPZEW 'd4dXXX-EIWOTPZEW $9 NOISUAA WNOUdS 


SYALNdWODOUDIW IHSISNS_LIAW 


diXXX-990TPZEWN 
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FUNCTIONS OF M37410E6-XXXFP 


[arti ing 

ae ee eg ee 
[po,pi,pa.paps Odes OSC~C“‘COSCN#C#SC“‘C‘NNNNCSCN#NSC“‘(NNNNNNN 
a CN 
6 SCSC*dC oui ei CSSSCSCSC~*dY 
a CL 


; 8-bit timerX4 
Timers 
16-bit timerX1 (combination of two 8-bit timers) 


AD 
a 
| 


Note 1 : The EPROM programming voltage is 21V (equivalent to. the M5L27128) 
























Input/Output port 





LCD controller/driver 
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PIN DESCRIPTION | | 7 : > 


i; input/ ( 
Name , P Functions 
Output 


V Single-chip Power supply Supply 5V+5% to Vcc and OV to Vss. 
Vv /EPROM 

CNVss/ Single-chip CNVszg input Connect to Vgs. 
V ; 
Xx 


c 
Ss 
P 
Vpp input 
N 
fe) 














Connect to Vpp when programming or verifing. 









| To reset, keep this input terminal low for more than 16s (min) under normal Voc 
conditions. If more time is needed for the crystal oscillator to stabilize, this “L” con- 









dition should be maintained for the required time. 





RESET Single-chip Reset input 
| 
Reset input 


Single-chip Clock input 
/EPROM 


These are I/O pins of internal clock generating circuit for main clock. To control 
generating frequency, an external ceramic or a quartz crystal oscillator is connected 
between the Xin and Xour pins. If an external clock is used, the clock source should 





be connected the Xjy pin and the Xour pin should be left open. . 


This is the highest order interrupt input pin. | 


_— hat 


c 

s 

P 

| 

INT, Single-chip Interrupt input 

PO 9~ P07 Single-chip I/O port PO 

| EPROM | Address input Ag~A7 Input PO works as the lower 8 bit address input (Ag~A7). | 

P1 Single-chip I/O port P1 © VO” Port P1 is an 8-bit I/O port and has basically the same functions as port PO. 
. The output structure is N-channel open drain. 

~P2, Single-chip __-| I/O port P2 1/0 Port P2 is an 8-bit 1/O port and has basically the same function as port PO. 

Also all bits are for key on wake up input pins. 
a | 


| P29 
P39 P37 ‘Single-chip I/O port P3 1/0 ‘| Port P3:is an 8-bit I/O port and has basically the same functions as port PO. 
\ 7 , | When serial I/O is used, P37, P3s, P35 and P3, work as Sarpy, CLK, Sour, and Sin 
. ‘pins, respectively. Also P33, P32, P31, and P3o work as timer 4. overflow signal di- 
Ae | vided by 2 output pin (T), INT2 pin, Xcin and Xcour pins, respectively. , 













Port PO is an 8-bit I/O port with directional registers allowing each I/O bit to be indi- 
vidually programmed as input or output. At reset, this port is set to input mode. The 
output structure is CMOS output. 








P19~P15 works as the higher 6 bit address inputs (Ag~A\3). 


Address input Ag~Aj3 





Connect P1g.~P17 to Vcc. 















Data input/ Port P2 works as an 8 bit data bus (Dg~Dz). 


output De~ D7 





SEG 12/P4, Single-chip Segment output Output . 
ope /input port P4 /input 
SEG s/P4y : 7 


put 
Single-chip I/O port P5 1/O 


— | —_ ial 








SEG i2~SEGi5 are segment output pins. 
Also these work as input port P4 by 2-bit unit. 
















P59~~ P57 Port P5 is an 8-bit I/O port and has basically the same function as P1. P59, P5;, P52 
and P53 are in common with INT3, timer3 input, timerd5 input and A-D trigger input, 


respectively. 





P52, P5;, P59 work as CE, OE and PGM, respectively. Connect to P5;~ P57 to OV, 
and P53~P5, to Voc. - . 
i 
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PIN DESCRIPTION 


Functions 


These are voltage input pins for LCD. Supply voltage as OVSV.1SVieSVi3S Vcc. 
O~V.3V is supplied to LCD. 


| epROM | Voge input for LoD input for LCD / input | Connect to Vcc. 


Single-chip Common output eee These are LCD common output pins. 


Single- chip Segment output These are LCD segment output pins. 


Dn a Wi on 
SEG ¢/IN7 Single-chip Segment output SEG 16~SEG23 work as analog input pins IN7~INo. 
§ /analog input SEG1g~SEGig9 are used by 2-bit unit and SEG29~SEGo3 by 4-bit unit. 
SEGo3/INo 
AVss Single-chip Analog voltage input GND input pin for the A-D converters. : 


PROM | Analog voltage input Connect to Vsg. 


Single-chip Reference voltage Referrence input pin for A-D converters. 
input 

Reference voltage 

input . 


Connect to Vcc. 
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EPROM MODE 

The M37410E6-XXXFP features an EPROM mode in addi- 
tion to its normal modes. When the RESET signal level is 
low (“L”), the chip automatically enters the EPROM prog- 
ramming mode. Table 1 list the correspondence between 
pins and Figure 1 gives the pin connections in the EPROM 
mode. When in the EPROM mode, ports PO, P1, P2, P5g~ 
P5), and CNVgg are used for the EPROM (equivalent to the 
-M5L27128). When in this mode, the built-in EPROM can be 
written to or read from using these pins in the same way as 
with the M5L27128. The oscillator should be connected to 


6/IN7 


SEG 
++ SEG 


Fa bag 


SEG,9/INg + LY 
SEGoa)/IN3 +> 
SEGo,/INo + 3 | . 


SEGo3/INo — 

AVss 

Vrer 

Vec 

P57/PWM3 + 
P5¢/PWM2 + {10} 
P5,/PWM1 + [1 
P5,/PWMO «> 7 


Coe)——P5,/CNT,/OE +> 
Gany-—— P5,/INT3/PGM + [ie] 
P37/Sroy ** 


P3,4/Sin + 


P30/INT> «+ 
PS Xone 


Ceramic 
—oscillatingg Xu 


> : same functions as M5L27128 


Fig.1 Pin connection in EPROM programming mode 


M37410E6-XXXFP | 


Vss 


circuit @s———— 


the Xin and Xoyr pins, or external clock should be con- 
nected to the Xi pin.: | 


Table 1 Pin function in EPROM pode mode 


ss M37410E6-XXXFP M5L27128 


Nee crv [ee 
Magis input’ Ports PO, = o~Pis 
Data 1/0 Port P2 
a a a 







= /OE 
P5o/PGM 


t 
Uv 
eg 
~~ 
O 

° 


pBOEBORORELE 


> 


41] <> P0O;/As 


- Cag P0g/Ag ++ [5 
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EPROM READING, WRITING AND 
ERASING | 

Reading | 

To read the EPROM, set the CE and OE pins to a “L” level, 
and the PGM pin to a “H” level. Input the address of the 
data (Ap>~Aj,3) to be read and the data will be output to the 





I/O pins Do~Dy7. The data !/O pins will be floating when 


either the CE or OE pins are in the “H” state. 


Writing _ 

To write to the EPROM, set the CE pin to a “L” level and 
the OE pin to a “H” level. The CPU will enter the program 
mode when Vpp is applied to the Vpp pin. The address to 
be written to is selected with pins Ag~Aj,3, and the data to 
be written is input to pins Do~D,;. Set the PGM pin to a “L” 
level to begin writing. 





Table 2 1/O signal in each mode 





Note 1 : Vi_ and Vj, indicate a “L” and “H” input voltage, respectively. 
2 : An X indicates either Vic or Vin. . 


| Data I/O 
Se ee Eee 


| Read-out Se ae 2 (2 OTST 
a Sees ee mae Te ee 
aieiearenimning vedi Fie eel ve Veep | Veo | Output__ 
| Programdisable | Vs |X [Vee Vee Floating 


NOTES ON HANDLING 

Since a high voltage (21V) is used to: write data, care 
should be taken when turning on the EPROM writer’s 
power. | 
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ABSOLUTE MAXIMUM RATINGS 


LCD supply Vuii~ V3 Vii<Viex< Vi3 —(. 3~Voc +0. 3 


Input voltage PO o~ P07, P29~P27, P3bo, P3;, P4y~P4, 
INo~IN7z, Veer, Xin 




















Pea eee See 
Input voltage INT;, RESET, Plo~Pt7, P3:~P3, PSo~P57 | | TOT 
Output voltage P0g~P07, P29~P27, P39, P3; 
Output voltage P1p~P17, P32~P37, P5p~P5r ee 
| Topr__| Operatingtempere SS C~—“*‘~*S*s*dSC“‘CS)<S(S!OOOOOOOCOCOCOCYOC‘(C™SONSBSC*dL=C CS 
[-Tstg | Storagetemperaure Ci m5 


Note 1 : In EPROM programming mode, CNVgzg is 22. OV 





Voc | 

Vi 

Vi 

Vv, Input voltage CNVss, (Note 1) 
V; 

Vo 





RECOMMENDED OPERATING CONDITIONS (Vcc=5V+5%, Ta=—10~75°, unless otherwise noted) 


Ze nit 














“H” input voltage POg~P07, P39, P31, P4g~P4s, 
Xin, CNVsg (Note 3) 





ore 

“H” input voltage P59, INT;, INT2, INT3, P32~P37, 
CNT, CNT2, SIG, CLK en ee ee 
! Eee 
Eo 













“H” input voltage RESET, Xcin 


“L” input voltage P0y>~PO07, Plo~P17, P30, P31 
: P49~P4s, P5,~P5,, SIN 


zs le input voltage P29>~P27, P32~P37, P59, INT;, INT2, 





INT3, CNT1, CNT2, SIG, CLK 





Voc 

Vss 

Vin 

Vin 

Vin 

Vin | 

Vin 

Vit 

Vit 

Vit “L” input voltage RESET, Xin, Xcin - 

“H” output current POg~P07, P29~P27, Xout 
“L” output current PQg~P07, P29 ~P27, P39~P3;, 
lo. P5o™ P57, Xour; PWMo~PWMs, T, 

Sout, CLK, Srpy, SIG (Note 5) 









. Clock oscillating frequency for clock function ; 


Note 2 : When only maintaining the RAM data, minimum value of Voc is 2V. 
, 3 : When P3 is Xcin mode, the limits of Vj4 of P3, is 0. 85VocSVin=Vec, O<V,, S0. 15Vcc. 





4: Total of lon(peak) Of ports PO, P2 and Xour is less than 35mA. 
5 : Total of lou(peak) of ports PO, P2, P3 and PS is less than 32mA. 
6 : Total of lo.(peak) Of P1 is less than 80mA. 
Total of lov(avg.) of P1 is less than 40mA. 
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ELECTRICAL CHARACTERISTICS (1a=25C, Vcc=5V, Vss=0V, Foxjy) =BMHz, unless otherwise noted) 


Symbol ; Parameter Test conditions 


“H” output voltage PO g~PO07, P29~P27_ - Voc=5V, lon=—0. 5mA 
“H” output voltage Xour Voc=5V, lon=—0. 3mA 


“L” output voltage POg~P07, P29>~P27, P389~P3;, 

P5o~P57, T, Sout, CLK, Sarpy 
SIG, PWMO~PWM3 

OL 

PL 


“L” output voltage P1g~P17 Vec=5V, lo. =20mA 


Hysteresis INT;, INT2, INT3, CLK, CNT, 
CNTo, SIG, Sin, P29~P2z7, X 
2s » Sin, P2o 7, Xcin 
Hysteresis RESET 
Hysteresis Xin 
“L” input current {POg~P07, P19~P17, P29~P2z, 
P39~P37, P4o~P43, P5o~P5y| 
Without pull-up T,;.(Note 1 ) 
INo~INz, INT;, RESET, Xin 


“H” input current PO9~P0z, P29~P2z, P30, P3, 
P4 )~P4,, INo~IN7z 
Xin, Xcin, CNVss 


“H” input current [P19~P17, P89~P37, P5g~P57} 
Without pull-up Tr. 
INT,, INT2, INT3, CNT;, CNT2 
SIG, RESET, Sin, CLK 


Pull-up Tr PO p~P07, P1o~P 17, 
R P29~P27, P39~ P37, 
P4p~ P43, P59~ P57 
; : . Vii=Vec/3 
Room Output impedance COMyp~COMs3 Vio=2Vi1, 
Vis=Vec 
pre Output impedance SEGo~SEG23 Other COM, SEG 
pins are opend 
at operation 
f(Xcin) =32kHz, Vec=3V 


| Supply current ; 
Ss ne at wait state (Xin) =32kKHz, Vec=5V 
at stop state Vec=5V,all clock stop. 
RAM retention voltage 





V 
V 
V 
“L” output voltage Xour Vec=5V, lor=0. 3mA 
he 
ie 
IH 









































Note 1 : Also the same as when each pin is used as INT2, INT3, CNT1, CNT2, SIG, Si and Xin, respectively. 
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DESCRIPITION =. 

The M37450E4-XXXSP is a single-chip microcomputer de- 
signed with CMOS silicon gate technology. It is housed in a 
64-pin shrink plastic molded DIP. The features of this chip | 
are simiar to those of the M37450M4-XXXSP except that 
 this.chip has a 65536-bit (8192 words X 8 bits) EPROM 
built-in. This single-chip microcomputer is useful for office . 
automation appliances and consumer appliance controllers. 
In addition to its simple instruction sets, the EPROM, RAM 
and I/O addresses are placed on the same memory map to 
enable easy programming. Since general purpose EPROM 
writes can be used for small quantity production runs. It 
also has a unique feature that enables it to be used as a 
slave microcomputer. | 

- The M387450E4SS and the M37450E4FS are the window 
type. The differences between the M37450E4-XXXSP and 


PIN CONFIGURATION (TOP VIEW) 





P37/Sroy +L] 
P36/Scik 
P3;/TxD 
1/O port P34/RxD +> 
P3 P33/PWMourt 
P32/EV3 > 

P3,/EV> 

P39/EV, + 

P5,/DBy 

P5,_/DBe > 

P5;/DBs > 

1/0 port P5,/DB, ++ 
PS P53/DB3 +> 
P5./DB2/CE ++ 






Voc 


AVss 


—Voa-- Reference 
jen voltage input 




























—+ D-A 
—> D-A> 
— P4o/ANo 

~ Pavan, |e 
— P4,/AN> 

++ P0o/Ao 
+> P0,/A, 
++ P0>/A» 
+> P03/Ag 
> P0s/A, 
++ P0s/As 


D-A output 


\/O port 
PO 















































= 
P5,/DB,/OE + Ss 2 +> P0¢/Ag 
the M37450E4-XXXFP, and between the M37450E4SS and P59/DBo/PGM + Gi of +> P07/A7 
the M37450E4FS are the package outline and the power P67/W ++ mn x +> P1o/Ag 
dissipation ability (absolute maximum ratings). P66/R +> oD = +? PIy/Ag | 
i | P6;/CS + — + P12/Ato 
DISTINCTIVE FEATURES. ve port |. oe a ee ee 
@ Number of basic instructions::::::+::+111reteesreeeeeee renee 71 Be ies ach ee 
69 MELPS 740 basic instructions-+2 multiply/divide in- P6,/INT> + + Pl6/Ara 
structions | | Reaa/Wiite  POo/INT, + + P17/A45 
@ Memory size EPROM crvscrsssrstsssseeeeeeeeeeees 8192 bytes status output R/W — ++ P2)/Do 
Me -) coe rer rrr 256 bytes an signal sync — ++ P2,/D, 
@ Instruction execution time | CNVss/Vpp +> P22/D2 
(shortest instruction at 10 MHz) vr 0.8us (min.) pecel ipa? RESET > P23/D3_ | 1/0 port 
@ Single power Supply srrrrrreree erste teeter eee e eee e ees 5V45% eupauia Xin —* “> P2/Da | F* 
@ Power dissipation normal operation mode es isis oe 7 dee | 
, (at 10 MHz frequency) Su ieeamevaenaks hes wmcay saudades 30mW Timing output “ a soe 
@ Subroutine nesting sere 96 levels max. 
@ Interrupts ee rr 15 events . Outline 64P4B (OTP) 
e Master CPU Dus IntGHaGG ine sarkar cstecdoseoeald 1 byte : : 64S1B (Window) 
@ 16-bit timer ee ere oaeisats Siitebetteeeee etn eee seeeeenees .8 e229 As we Z 
@ 8-bit timer (Serial I/O use) -- Sieeeereetneeeneeeneeeeees 1 SesssS Bsa x 2 
@ Serial 1/O (UART or clock synchronous) «irrrrtrttetetere 1 SURE 
@ A-D converter (8-bit resolution) +--+ 3 channels (DIP) AN 
| : 8 channels (QFP) Sl — Paa/ANs 
@ D-A converter (8-bit resolution) :+::+::++:ss+ 2 channels 5] — Pag/ANo 
@ PWM output (8-bit or 16-bit) -+: SorreereeeEEEeeS 1 = pel <— P4e/ANe 
@ Programmblie I/O | _. | eS pesce = bal = Beco 
| (Ports PO, P1, P2, P3, P5, PE) crerecret eee eeeeeeeeeeee eres 48 P5,/DB,/OE + [19] <i pl AO 
@ Input (Port P4) sere Reese Aecbinca Caard Seaeietee 3 (DIP), 8 (QFP) ae S Bee POA 
@ Output (Port D-A,, D-Ap) cteeeeressneeeeeeetteettntnteeeeeeerere D AN = 51] +> POg/Ag 
@ EPROM (equivalent to the M5L2764) 7 o ma 
program voltage Tree re See Tee ETRE R ECE REE rere ere ee 21V "U 
APPLICATION 


Slave controller for PPCs, facsimiles, and page printers 
HDD, optical disk, inverter, and industrial motor controllers 
Industrial robots and machines . 


1 






80P6 (OTP) aoe 
INS 80S6(Window)  Senrostion 





Ou 
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M37450E4-XXXFP, M37450E4FS BLOCK DIAGRAM 





‘Clock Clock Timing Reset Reset 
input output output input. output oe (sv) (ov) 
Xin Xour so ESET RESETout WR RD R/W SYNC Vac Vee 





- aa aa &: Gained nas 


Data bus 


\ 












Clock generating i Ty | : =e er = Instruction 
circuit Program § Program <——] ( 1 6) 





counter J counter 
PCH(8) # PCL(8) 


K+ = =Tim imer 1 latchK———J t 
3 ° eS SF 
- Ti 2 latchK ——> B 
Ti 2 imer 2 latchk | 
( 16 ) F.——_S Instruction 
=a decoder 


Timer 3 latch — 
(16) aE? 
_ Control signal 


TC LE i. 


a fe fe 1/0 


i 7 
fh 
~~ 
— 
m 
eR 


Bee 
Ww 










— imer 
3 ——— 
K—} Pulse width 






modulator 





Index 
register 


¥(8) 






Stack 
pointer 


S(8) 





inter rrupt 
control 







[ares 
ami) 


P6(8) P4(8) = = sa 
BREEEa = EREEERE me 
geeesenm GOEnaD siete 
_— dbdddrt (X19— - —QOOMEGQI) PEN. LOCOS ain 247578 J bebib blasts a a SOOGUSS eu 
: 7, % eS A,———_—~—_———. ae 
I/O port PE. I/O port P5 ioe Input port P4 D- ie 1/O port P3 70-port P2 Vopr. port P1 1/O port enon BU 


AVcc DAVrer 
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FUNCTIONS OF M37450E4-XXXSP/FP, M37450E4SS/FS 


Memory size 















256 bytes 
PO~P3, P5, P6 : 8-bitx6 , 





Serial I/O UART or clock synchronous 


16-bit timerX3, 
Timers ; 
8-bit timer (Serial 1/O baud rate generator) X 1 
Pulse width modulator 8-bit or 16-bitX1 
Data bus buffer 1-byte input and output each . 
Subroutine nesting 96-levels . 


6 external interrupts, 8 internal interrupts 
Interrupts ; : 
One software interrupt 


Clock generating circuit Built-in (ceramic or quarts crystal oscillator) 
Supply voltage 5V+5% 


30mW (at 10MHz frequency) 


Input/Output port 























Input/Output characters 









Package 
M37450E4SS 64-pin shrink ceramic DIP 
M37450E4FS 80-pin ceramic QFP 
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PIN DESCRIPTION (normal operation mode) 


Input/ 
Output 







Functions 





Voc Supply voltage Power supply inputs 5V5% to Vcc, and OV to Vgs. . 
Vss | | 
CNVss/Vpp ows fo Controls the processor mode of the chip. Normally connected to Vss or Voc. 


Reset. input 


To enter the reset state, the reset input pin must be kept at a “L” for more than 2us (under normal Voc 
conditions). If more time is needed for the crystal oscillator to stabilize, this “L” condition should be main- 
tained for the required time. 























Synchronous 
signal output, 


R/W Read/Write Output This signal determines the direction of the data bus. It is “H” during read and “L” during write. 
‘status output . | 


POo~P0O7 | I/O port PO 1/0 


Pi9~Pt17 | I/O port P1 1/0 Port P1 is an 8-bit I/O port and has basically the same functions as port PO. The high-order bits of the 
, address are output except in single-chip mode. 


This chip has an internal clock generating circuit. To control generating frequency, an external ceramic or a 
quartz crystal oscillator is connected between the Xj and Xour pins. If an external clock is used, the clock 
source should be connected to the Xn pin and the Xour pin should be left open. 








Outputs signal consisting of oscillating frequency divided by four. 


SYNC This signal is output “H” during operation code fetch and is used to control! single stepping of programs. 








Port PO is an 8-bit I/O port with directional registers allowing each I/O bit to be individually programmed as 
input or output. The output structure is CMOS output. The low-order bits of the address are output except 
in single-chip mode. | . 


P25~ P27 | I/O port P2 1/0 Port P2 is an 8-bit |/O port and has basically the same functions as port PO. Used as data bus except in 
. single-chip mode. | 


P39~ P37 | I/O port P3 1/0 Port P3 is an 8-bit I/O port and has basically the same functions as port PO. Serial 1/O, PWM output, or 
event I/O function can be selected with a program. 


Analog input pin for the A-D converter. The 64-pin model has three pins and the 80-pin model has eight 
pins. They may also be used as digital input pins. 


Input port P4 





P59™~P57 | I/O port P5 1/O Port P5 is an 8-bit 1/O port and has basically the same functions as port PO. This port functions as an 8-bit 


data bus for the master CPU when slave mode is selected with a program. 






Port P6 is an 8-bit !/O port and has basically the same function as port PO. Pins P63~P67 change to a con- 
trol bus for the master CPU when slave mode is selected with a program. Pins P69~P62 may be program- 
med as external interrupt input pins. 


D-A;,D-A, | D-A output Output Analog signal from D-A converter is output. 


VrReF Reference voltage 
input 


P69~P6; | I/O port P6 —/0 








Reference voltage input pin for A-D and D-A converter. This pin is for 64-pin model only. 


a Reference voltage input pin for A-D converter. This pin is for 80-pin model only. 


ADV rer A-D reference 
voltage input 


DAVrer D-A reference 


Reference voltage input pin for D-A converter. This pin is for 80-pin model only. 
voltage input 


AVss Analog power supply Ground level input pin for A-D and D-A converter. Same voltage as Vss is applied. | 


AVcc Analog power supply 


Power supply input pin for A-D converter. This pin is for 80-pin model only. Same voltage as Vcc is applied. 


In the case of the 64-pin model, AVcc is connected to Voc internally. 








ol 
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PIN DESCRIPTION (normal operation mode) 


Input/ , ; 
Functions 
Output 


Read signal Control! signal output as active “L” when valid data is read from data bus. This pin is for 80-pin model only. . 


output 


Write signal Control signal output as active “L” when writing data from data bus to external component. This pin is for 
output 80-pin model only. 


Reset output Control-signal output as active “H” during reset. It is used as a reset output signal for peripheral compo- 
nents. This pin is for 80-pin model only. 
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PIN. DESCRIPTION (EPROM mode) 





















C 

Clock input } Input Connect a ceramic or a quartz crystal oscillator.between Xin and Xour for clock oscillation. 

Clock output Output | — y 4 | . . 
Kept to open (“L” signal is output). | : - 


Timing output For timing output | . 
SYNC Synchronous 
signal output 


IN 
en 
Read/Write Kept to woe (“H" signal is output). 
status output ' | Lo 
Prace liom [es [Pemommovmamnmes 
P3o : . , | Fe . | 
0 : | | | . | | 















P49~P42 Input port P4 input Connect to Vss 


P59~P5, | I/O port P5 
P69 








P59, P5;, P52 works as PGM, OE, and CE inputs respectively. Connect P53 and P54 to Vec and P5s~P5; to 
Vss. . 














Connect to Vsgs. 


“ADVrer A-D reference 
voltage input 
Analog power Connect to Vss. 


Analog power . Ftp | Connect to Vss. 
RD Read signal output Kept to open (“H” signal is output) 
WR Write signal 
output . . 


Reference voltage Connect to Vss. 





input 





Connect to Vss. 












D-A reference 
voltage input 





Kept to open (“H” signal is output) 


Kept to open (“H” signal is output) . 
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EPROM MODE 
The M37450E4-XXXSP/FP, M37450E4SS/FS features an 


EPROM mode in addition to its normal modes: When the 
RESET signal level is low (“L”) and CNVgs5/Vpp signal level 
is high (“H”), the chip automatically enters the EPROM 
programming mode. Table 1 list the correspondence be- 
tween pins and Figure 1 and Figure 2 give the pin connec- 
tions in the EPROM mode. When in the EPROM mode, 
ports PO, P1, P2, P5g~ P52 and CNVss are used for the 
EPROM (equivalent to the M5L2764). When in this mode, 
the built-in EPROM can be written to or read from using 
these pins in the same way as with the M5L2764. The 
oscillator should be connected to the Xj and Xoyr pins, or 
external clock should be connected to the Xjy pin. 


P3,/Sapy + L 
P36/Scik +> 
P35/TxD ++ 
P3,/RxD +> [4 | 
P33/PWMour + 
P3,/EV, +> [6 | 
P3,/EV2+> 
P3,/EV, ++ [8] 
P57/DB, + [9] 
P5¢/DBg + [10 
P5;,/DBs + {1 
P5,/DB, 
P53/DB3 +> 
P5./DB,/CE = [14 
P5,/DB,/OE 
-P5o/DBy/PGM + [6] 
P6,/W 
P6,_/R +> [13 
P6;/CS ++ 
P6,/A0 +> 
P63/Prpy +> 
P6./INT3 
P6,/INT> +> 
P6o/INT, +> 
R/W 
SYNC + 
———— CNVss/Vpp > 
RESET — [28] 
Xin > 
Xour * 
ae 
Vss_ 132 


te 


dSXXX-VSOSPLEW 


Vss 


Vpp 







Ceramic oscillating circuit 
(e) 


Vsgs 


JO 
SSva0SsrZEew 





Table 1 Pin function in EPROM programming mode 


a 
M37450E4SS/FS 

| Vee | SS CCNVss/Vpp Vee 
Vss Vss 
| Address input_| Ao 






oe 
ie a (eae ee ee 
Voe «dS /BOE | SCS 






P50/DBo/PGM 





64] Voc 
AVss 

— Veer 

61] —> D-A, 

60} —> D-A2 

+ P49/ANo 
+ P4,/AN, 
— P4,/AN> 
++ P0o/Ao 
+> P0,/A, 
+> P0,/A> 
++ P03/A3 
+> P0,/A, 
+> P0s/As 
+> P06/Ag — 
49] +> PO7/Az 
48] +> P1o/Ag 
+> P1,/Ag - 
+ P15/Aio 
+> P13/Ai; 
+> P14/Ai2 — 
+ P16/Ay3 
+> P16/Ai4 
41} > P12/Ays 
40} ++ P2./Do 
+> P2,/D, 
+> P2,/D> 
++ P2,/D3 
+> P2,/D, 
++ P2</Ds 
++ P2./De 
++ P2,/D, 


< 
n 
n 





| 


POQOOOOQOOOO® 





Voc 


COOQOOHOOO) 


Cc) : Same functions as M5L2764. 


Fig. 1 


Pin connection in EPROM programming mode (64-pin model) 
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NC 
+ P32/EV3 
+ P33/PWMour 
++ P3,4/RxD 
++ P35/TxD 
+> P36/Scik 
+> P37/Srpy 


64] — P4,/AN, 
— P4./AN>2 Vss 
+ P43/AN3 
— P4,/AN, 
+ P4.5/ANs 
+ P46/ANg 
— P4,/AN, 
++ P05/Ao 
++ P0,/A,——— 
+> P0Q./A, —— 
+ P03/A3 
++ P0,/A,—— @) 
+ P0;/As 
+ PO0;/A, Ag 
++ P0,/A; 
Gs) 


P6,/R ++ 
P6;/CS + 
P64/A0 
P63/Proy + ++ P1o/Ag As 
P6/INT3 + | ++ P1,/Ag 
P6,/INT> + : > P12/Aio— 
P60/INT, + +> P13/A;;—— @) 


WR -— a5] > P14/A,2 — @) 


RD + : a 4 + P15/A;3— 3 
R/W — — P16/Ay44 
SYNC + +> P17/Ais 


RESETour — 


dd XXX-P3OSPZEW 
SAvAOSPLEW 





N fs 
uo 
WwW 
wo 


P25/Ds5 «+ 
P24/D4 << 
P2,/D1 + 
P29/Do + [3 | 


CNVss/Vpp — 


Vpp Vsg Ceramic Vss \OOQOOGOOE 


oscillating 
circuit 


(_) : Same functions as MSL2764. 





Fig. 2. Pin connection in EPROM programming mode (80-pin model) : 


¢ . 
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EPROM READING, WRITING AND 
ERASING 

Reading 

To read the EPROM, set the CE and OE pins to a “L” level, 
‘and the PGM pin to a “H” level. Input the address of the 
data (Aj~Aj;2) to be read and the data will be output to the 
I/O pins Dg~ Dz. The data I/O pins will be floating when 
either the CE or OE pins are in the “H” state. 





Writing _ 

To write to the EPROM, set the CE pin to a “L” level and 
the OE pin to a “H” level. The CPU will enter the program 
mode when Vpp is applied to the Vpp pin. The address to 
be written to is selected with pins Aj~Aj2, and the data to 
be written is input to pins Dp~D;7. Set the PGM pin toa a 
level to begin writing. 





Erasing 

Data can only erased on the M37/7450E4SS/FS ceramic 
package, which includes a window. To erase data on this 
chip, use an ultraviolet light source with a 2537 Angstrom 
wave length. The minimum radiation power necessary for 
erasing is 15W:°s/cm?. 


_ Table 2 1/O signal in each mode 


NOTES ON HANDLING 

(1) Sunlight and fluorescent light contain wave lengths 
capable of erasing data. For ceramic package types, 
cover the transparent window with a seal (provided) 
when this chip is in use. However, this seal must not 
contact the lead pins. 

(2) Before erasing, the glass should be cleaned and stains 
such as finger prints should be removed thoroughly. If 
these stains are not removed, complete erasure of the 
data could be prevented. 

(3) Since a high voltage (21V) is used to write data, care 
should be taken when turning on the EPROM writer's 
power. 


=r a RS ae SER 


ha Paes 


Geri SG ie Pulse( VinVi) aa 


Programming verify 


ee a Output 





Vin 
Program disable 


Note 1: Vic and Vi, indicate a “L” and “H” input voltage, respectively. 
2: An X indicates either Vj. or Vix. 





X Vepp Voc 


Floating 
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ABSOLUTE MAXIMUM RATINGS | | 


Supply voltage | 
Input voltage RESET, Xin 


Input voltage POg~P07, Plo~P17, P29~P27, 
P39™~P37, P4o~P4z, P5o~ P57 




































Vi 











=, 3~Voct0. 3 





With respect to Vss 





Output transistors are 
at “OFF” state. 












—0.3~Voot0. 3 









P69~P67, ADVrer, DAVrer, 
Vrer: AVoc 
Vi 
- Output voltage PQo~P07, Plo~P17, P29~P27, 
P3o~P37, PSp~P57, P6y~P6r, 
Vo 
a RESETour, SYNC 
[Pa | Powerdisipation —SSC~*~“~*~“~*~*~—~‘dQHGSC*“‘C‘™#CNCSC™CO”#C#C*‘##SWSC#NOOO (Note 7) ‘| mw 
| C 
Note 1 : 500mW for QFP type. | 





. rv | Input voltage CNVsg5 | 
Xouts ?, RD, WR, R/W, 
Topr Operating temperature | —10~70 LL | 


RECOMMENDED OPERATING CONDITIONS 


(Vec=5V15%, Ta=—10~70°C unless otherwise noted) 


Eve 
































“H” Input voltage PQ 9~P07, P1o~P17, P29~P27 
: P39~P37, P49~P47, P59~ P57 2. 0 Voc V 
P6o>~P6, (except Note 2) ; . 


Vss 
Vin 
Vin 
Vir 
Vin 
Vir 








“L” Input voltage PQo~ PO, P19~P17, P2o~P2;7 
P39~ P37, P49~P4z, P59~P57 
P6y~P67 (except Note 2) 


Vv 
“L" Input voltage RESET FO | 0. 12Vec] OV 
PMc cn “L" Input voltage Xin 


“L” peak output current PQo~P07, Plo~P17 
| P2y~P2;, P3>~P3; 

. P59~P57, P6>~P67 
“L” average output current PQo~PO0;7, Plo~P17 
| P2>~P27, P8)~P37 
ae P59~P57, P69~P67 
“H” peak output current POg~PO07, Pig~P17 
P29>~P27, P39~P37 

P5o~P57, P69~P67 
“H” average output current POp~P07, P1o~P17 
P29>~P27, P39~P37 

P5o~P57, P69~P67 
Clock oscillating frequency. 


lo-(peak) 










lotvavg) 


¢ 
' 


| lon(peak) 










(Note 3) 















lon(avg) 


| 


Note 2 : Ports operate as INT;~INT3(P69~P62), EV;~EV3(P39>~P32), RxD(P3,) and Soik( P36) 

Note 3 : The average output current lon(avg) 4nd lo.(avg) are the average value during a 100ms. 

Note 4: The total of “L” output current lo.(peak) of port PO, P1 and P2 is less than 40mA. 
The total of “H” output current lou(peak) of portPO,P1 and P2islessthan40mA. | 
The total of “L” output current lo-(peak) of port P3, P5, P6, R/W SYNC, RESETourz, RD, WR and ¢ 
is less than 40mA. , -_ Ppa 
The total of “H” output current lon(peak) Of port P3, P5, P6, R/W SYNC, RESETour, RD, WR and 
% isless than 40mA. - #8 








(Note 3) 
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ELECTRICAL CHARACTERISTICS (Vee = 5V+5%, Vss = OV, Ta = —10~70, f(Xiy) = 10MHz, unless otherwise noted). 


- Limits . 
Symbol Parameter Test conditions  timits Unit 
v a Sie ae aa 


in. 
—] 


OH 
“H” output voltage POg~P07, Plp~P17, P29~~P2 : 
Von . 7 ge Sat A ge lox=—5mA Veo ) " 
P39~P3;, P5o~ P57, P69~ P67 
“L” output voltage POg~P07, P1p~P17, P29~P27 | 
VoL P39~ P37, P5o~ P57, P69~ P67 
RD, WR, R/W, SYNC, RESETour, ¢ 
“ “L” output voltage P0g~P0,, P1p~P17, P29~P27 
oe P39~P37, P5o~P57, P6o~P6, 
Hysterisis INT;~INT3(P69~P62), EV;~EV3(P39~P32), 
Vt+—Vy— 
RxD( P34), Scik(P3g) 


Hysterisis RESET 
Hysterisis Xin 


je “L” input current P0g~P0z, P1g~P17, P2o~P2, 


hie P3y~ P37, P4y~P47, P5p~ P57 
lie 
cc 





























Function input level 































































P6)~P67, RESET, Xin 


“H" input current POQo~POQ7, P19~P17, P29~P27 


P3o~P37, P4g~P4z, P5o~P5z 
Note 5 : The terminals RD, WR, R/W, SYNC, RESETouz, ¢, D-A; and D-Ag are all open. The other ports, which are in the input mode, are connected 


P69~P67, RESET, Xiw 
RAM retention voltage 
to Vsg. A-D converter is in the A-D completion state. The current through ADVrer and DAVrper is not included(Fig.6). 


At stop mode 











At system operation 
f(Xin) =10MHz 
At stop mode (Note 5) 





Supply current 











A-D CONVERTER CHARACTERISTICS 


(Voc = AVoc = 5V, Vsg = AVsg = OV, Ta = 25°, (Xin) =10MHz, unless otherwise noted) 






Limits 





















Symbol Parameter Test conditions al 
‘Min. 
a 
| Absolute accuracy Vec=AVoco=ADVeer=5. 12V et 
Conversion time oa 











Analog input voltage ' 
Reference input voltage 2 

7 
Reference input current 0.7 2.5 mA 
Analog power supply input voltage eae eel teeta teste sete cde 
















































t 











Resolution : 
Abusolute accuracy Voc= DAVper=5. 12V Ee at! 


Output resistance 
Vavss — | Analog power supply input voltage . 


Voavrer | Reference input voltage 
































lDbAVREF Reference power input current 
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TIMING REQUIREMENTS - eo | a 
Port/single-chip mode (Vec=5V5%, Vss=0V, Tg=—10~70°, unless otherwise noted) 


Parameter Test condition 


Port PO input setup time 







. Symbol 





















tsu(pop—¢) 
tsu(ei1p—¢) | Port P1 input setup time 


tsyu(p20—¢) | Port P2 input setup time 


ua 


tsu(pap—¢) | Port P3 input setup time 


~ tsu(pap—¢) | Port P4 input setup time 
tsuceso—¢) | PortP5 input setup time 

Port P6 input setup time 
Port PO input hold time 

Port P1_ input hold time 

Port P2 input hold time 

Port P3 input hold time 

Port P4_ input hold time 

Port P5 input hold time 


thc ¢—PrepD) Port P6 input hold time ; 


External clock input cycle time 


tsu(peD— 9) 
th( ¢—Ppop) 
thi g—P1D) 
thc ¢—Pp2pd) 


thc ¢—psp) 


thi ¢—pap) 
thi ¢—Ppsp) 










Master CPU bus interface timing (R and W separation type mode) 


(Vec=5V5%, Vss=0V, Ta=—10~707, unless otherwise noted) 


OS setup time 
OS setup time - 
GS hold time 


thcw—cs) CS hold time 
Ao setup time 


tsu(a—R) 
Ao setup time 

Ao hold time 

Ao hold time 
Read pulse width 


tsu(a—w) 
thcr—a) 
thiw—a) 
twcr) 
twiw) Write pulse width 
tsu(p—w) Date input setup time before write 


thiw—p) 






Date input hold time after write 


Master CPU bus interface timing (R/W type mode) | | 
(Vec=5V+5%, Vss=0V, Ta=—10~70, unless otherwise noted) 


Parameter Test condition 


Symbol 


CS setup time 

CS hold time 

Ao setup time 

Ao hold time 
R/W setup time 
R/W hold time 
Enable clock “L” pulse width 


tsu(cs—e) 
thte—cs) 
tsu(a—e) 
th(e—a) 
tsu(RW—e) 


th(e—Rw) 








-twieL) 





tw(eH) Enable clock “H” pulse width 
tre) 
tfce) 
tsu(p—e) 


th(e—pb) 





Enable clock rising edge time 





Enable clock falling edge time 





Data input setup time before write 





Data input hold time after write 
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Local bus/memory expansion mode, microprocessor mode 
| (Vec=5V5%, Vss=0V, Ta=—10~70T, unless otherwise noted) 


. Limits 
Typ. | Max._| 


aso ee 












Data input setup time 
Data input hold time 
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SWITCHING CHARACTERISTICS 
Port/single-chip Mode (Vcc=5V+5%, Vss=0V, Ta=—10~70°, unless otherwise noted) 


| 
| 
¢ clock pulse width (“H” level) 








¢ clock rising edge time 
¢ clock falling edge time 


Master CPU bus interface (R and W separation type mode) 
(Vec=5V+5%, Vss=0V, Ta=—10~70, unless otherwise noted) 


Data output enable time after read 


Data output disable time after read 
Proy output transmission time after read 
Proy output transmission time after write 





Master CPU bus interface (R/W type mode) (Vec=5V+5%, Vss=OV, Ta=—10~70°C, unless otherwise noted) 


Symbol 


Data output enable time after read 
Data output disable time after read 
Proy Output transmission time after E clock 












Parameter Test condition 





ae ae ee 


Local bus/memory expansion mode, microprocessor mode 


(Voc=5V+5%, Vss=0V, Ta=—10~70°, unless otherwise noted) 


| tageea | address delay time after ¢ 
address effective time after ¢ 
address effective time after RD 
address effective time after WR 
data output delay time after ¢ 
D) 









Parameter 








data output delay time after WR . 
data output effective time after ¢ 
data output effective time after WR 
R/W delay time after ¢ 

SYNC delay time after ¢ 

RD pulse width 


twcwr) WR pulse width 
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TEST CONDITION 


Input voltage level: Vi, 2. 4V 
Vir 0. 45V 
Output test level > Vo, 2.0V 


Vor 0.8V 





Fig. 3 Test circuit in | Fig. 4 Master CPU bus interface Fig. 5 Local bus test circuit 
single-chip mode test circuit , 


loc 
(test point) 


Vec other power 
. AVec supply 
a 


ADVrer 
DAVrer 


D-A1 
D-A2 


RD 
WR 
R/W 
SYNC 
RESETout 


¢ 


Xout 





Fig.6 Icc (at STOP mode) test condition 
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TIMING DIAGRAM 
Port/single-chip mode timing diagram 


tw(XinH) tw( XinL) 






Xin 


tc(¢) 


tw(¢L) 2.0 


i 


. | 7 tr(d) 

| . | | | tsu(PiD—¢)’ 
2.4 
2.4 
Port Pi input 7 (| : 
; 0. 45 0. 45 


- ‘th(d—PiD) 
td(¢—PiD) 


Port Pi output 4 2.0 
0.8 


| Note : Vin=0. 8Vcc, ViL=0. 16Vec of Xin 


Master CPU bus interface/ R and W separation type timing diagram 


Read 


| | : tsu(a—r) th(a—a) 
Ao -_ : 24 , 
4 0. 45 0. 45 


nel. tsu(cs—a) th(r—cs). 
CS 
0. 45 cE ca 0.45 





teru(a—pr) 
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Write 


Ao 


=| 


DB)~DB, . 


20: * 


Proy 





tety(w—pr) 








tw(eL) tw( en) 
E 
~ 2.4 
a 2. 
a 7 | el: 
cs | 7 
| 0. 45 
7; 
DBo. .DB; 2 ; 
. Se | ar Bee | ae 
ta(e—p) tv(e—p) 
tsu( >—.) 
| | =] pray th(e—o) 
write 


> 
DBo. .DB; i . 0. 45 : 


Proy . me ay . | 
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‘Local bus timing diagram 


R/W 


, SYNC 


Ao~Ai5 


Deas 
CRU read 


Do~Dy7 


CPU write 


Ag--D15 


Do~D; 7 
CPU read 


WR 


Do~D7 
CPU write 








tsu(p—Rrp) th( rob) 
(i —} 
tw( wr) tv(wra—a) 
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SERIES MELPS 740 MASK ROM 
ORDERING METHOD 

Mitsubishi Electric corp. accepts order to transfer EPROM 
supplied program data into the mask ROM in single-chip 8- 
bit microcomputers. . 

When placing such order, please submit the information 
described below. | 


(1) Mask ROM confirmation forms::::::trtrrrrrtttrrireeee 1 set 
(There is a specific form to be used for each model.) 
(2) Data to be written into mask ROM: s:rsrrere EPROM 


(Please provide three sets containing the identical 
data. ) 
(3) Mark specification form Perce reer cccrcrn ce senercenceeeresesees 1 set 


NOTES 
(1) Acceptable EPROM type 


Any EPROM made by Mitsubishi that is listed in the 


mask ROM confirmation form may be used. 

(2) EPROM window labeling 
Please write the model name and the identification 
code (A, B, C) on the label for each of the three sets 
of data EPROMs provided. 


Example : label 





M50747 
-XXXSP Type 


® identification 


of three sets 


code for each 


MITSUBISHI MICROCOMPUTERS 


SERIES MELPS 740 MASK ROM 


ORDERING METHOD 


(3) Calculation and indication of checksum code 
Please calculate the total number of data in words in 
the EPROM, and write the number in 4-digit hexade- 
cimal form in the checksum code field of the mask 
ROM confirmation form. 


.(4) Options 


‘Refer to the appropriate data book entry and write the 
desired options on the mask ROM confirmation form. 
(5) Mark specification method 


The permissible mark specifications differ depending. 


on the shape of package. Please fill. out the mark spe- 
cification form and attach it to the mask ROM confirma- 
tion form. 


OUTLINE OF ORDER PROCESSING 
Mitsubishi will produce the mask ROM if at least two of the 
three EPROM sets submitted contain identical data. 

lf we find error when the submitted EPROMs are com- 
pared, we will contact your representative. 

Thus, we assume responsibility only when we produce the 
mask ROM that contain data other than the data correctly 
provided by the customer. 

Mitsubishi uses an automatic mask ROM design program to 
generated the following - 


- 1. Drafting data for mask ROM production; 


2. ROM code listing or EPROM for mask ROM production 
error check work; 

3. Mask ROM test program. 

The chart below shows the flow of mask ROM production. 


SERIES MELPS 740 MASK ROM DEVELOPMENT CAD SYSTEM 


Mask ROM 
confirmation 
form EPROM 
(3 sets) 
Object program 
generation 


Order mask 


M50747- 
-XXXSP 
Mask ROM Ga, manufacturing 


| 


MITSUBISHI 
ELECTRIC 


I 
Acceptance 


FROM CUSTOMER | MITSUBISHI ELECTRIC 
: ' 


Mask ROM 
automatic 
design progra 


¥ 


Mask drafting data Mask ROM test program 


Mask ROM 
manufacturing 
process 


Mask ROM 


process 











MITSUBISHI MICROCOMPUTERS 


SERIES MELPS 740 MASK ROM ORDERING METHOD 





GZZ—SHO00—68A< 55B0 > 


SERIES MELPS 740 MASK ROM CONFIRMATION FORM [Mask ROM number |__| 
SINGLE-CHIP MICROCOMPUTER M50708-XXXSP/FP . | 
MITSUBISHI ELECTRIC 


Date : 


Section head; Supervisor 
signature signature 





Note : Please fill in all items marked. 


' Responsible S : 
: upervisor 
Company eeebonalele| p 






name 
* | Customer 


Issuance 
signature 


Date 


issued 


* 1. Confirmation | | 
Specify the name of the product being ordered and the type of EPROMs submitted. 
Three sets of EPROMs are required for each pattern (Check @ in the appropriate box). 
lf at least two of the three sets of EPROMs submitted contain the identical data, we will produce masks based 
in this data. We shall assume the responsibility for errors only if the mask ROM data on the products we pro- 
duce differ from this data. Thus, the customer must be especially careful in verifying the data eentened in the 
EPROMs submitted. 


Microcomputer name:  £] MS0708-XXXSP [] MS0708-XXXFP 


Checksum code for entire EPROM areas a (hexadecimal notation) 
EPROM type 


Lh 2764 L] 27128 27256 L] 27512 


ea os 
ae sere a 


Set “FFig’ in the shaded area. 





* 2. Mark specification 
Mark specification must be submitted using the correct form for the type package being ordered fill out the appropriate mark 
specification form (64P4B for M50708-XXXSP ; 72P6 for M50708-XXXFP) and attach to the mask ROM confirmation form. 


* 3. Comments 





ae a —_@ s MITsuBIsHI 
| ELECTRIC 


MITSUBISHI MICROCOMPUTERS 


SERIES MELPS 740 MASK ROM ORDERING METHOD 





GZZ—SH00—68A < 55B0 > 
* 4. Port PO pull-up transistor (if built-in is desired write 1, if not write 0) 


Ds 


PQ, PO, PO. POs; PO, PO; PO, PO, 


Port P1 pull-up transistor (if built-in is desired write 1, if not write 0) 


Pip P1, Plo Pilg Ply Pig Pg Pty 


pT Ee ty yy 





6. Port P2 pull-up transistor (if built-in is desired write 1, if not write 0) 
| P2, P2, P2, P23 P2, P2, P2g P2, 
7. Port P3 pull-up transistor (if built-in is desired write 1, if not write 0) 
P39 P3, P32, P33 P3, P35, P38 P23, 
* 8. Port P4 pull-down transistor (if built-in is desired write 1, if not write 0) 
P4o P4, P4, P4, P4, P4s P4g P4, 
9. Port P5 pull-up transistor (if built-in is desired write 1, if not write 0) 
P5q P5, PS, P5g P5, PSs PSe PS, 
X10. Port P6 pull-up transistor (if built-in is desired write 1, if not write 0) 
P69 P6, P6, P63 P6, P65 P6, P6, 
MITSUBISHI 


ELECTRIC | 


MITSUBISHI MICROCOMPUTERS 


SERIES MELPS 740 MASK ROM ORDERING METHOD 





GZZ—SH00—47A< 3XBO> 


SERIES MELPS 740 MASK ROM CONFIRMATION FORM 
SINGLE-CHIP MICROCOMPUTER M50740A-XXXSP/FP ar | 


MITSUBISHI ELECTRIC ; . 








Note : Please fill in all items marked. 


Company 
name 
* | Customer 





Issuance 


Date 


issued 


*X 1. Confirmation 
Specify the name of the product being ordered aid the type of EPROMs submitted. 
Three sets of EPROMs are required for each pattern (Check @ in the appropriate box). ; 
If at least two of the three sets of EPROMs submitted contain the identical data, we will produce masks based 
in this data. We shall assume the responsibility for errors only if the mask ROM data on the products we pro- 
duce differ from this data. Thus, the customer must be especially careful in verifying the data contained in the 
EPROMs submitted. 


Microcomputer name: [] MS50740A-XXXSP. [1 MS50740A-XXXFP 


eeksum code for — EPROM areas a (hexadecimal notation) 
EPROM type 


LJ 2732 LJ] 2764 L] 27128 ay 27256 


| Co " 
aan 


3FFF 





Set “FF,,” in the shaded area. © 
*X 2. Mark specification : 
Mark specification must be submitted using the correct form for the type package being ordered fill out the.appropriate mark 


specification form (52P4B for M50740A-XXXSP ; 50P6 for M50740A-XXXFP) and attach to the mask ROM confirmation form. 


°¥ 3. Comments 





66: : @ MITSUBISHI 
a | ELECTRIC. 


MITSUBISHI MICROCOMPUTERS | 


SERIES MELPS 740 MASK ROM ORDERING METHOD 





GZZ—SH00—47A< 3XB0 > 
%* 4. Port PO pull-up transistor (if built-in is desired write 1, if not write 0) 


POo PO, PO. PO3; PO, POs PO, ua 


%* 5. Port P1 pull-up transistor (if built-in is desired write 1, if not write 0) 


Plog Pl, Plo Pls . P14, Pilg Pilg Piz 


tit ey tT 


% 6. Port P2 pull-up transistor (if built-in is desired write 1, if not write 0) 


P2) P2, P22 P25 P2, P25 P25 P2, 


7. Port P3 pull-down transistor (if built-in is desired write 1, if not write 0) 


P35 P38; P32. P33 P38, P35 P85 P23, 


* 8. Port R 1/O mode (if port R is to be used as an input port only write 1, otherwise 6. If the M50790P is to be con- 
nected, this entry must be 0.) 


R 


|] 





MITSUBISHI a le 
ELECTRIC _ : 





MITSUBISHI MICROCOMPUTERS 


SERIES MELPS 740 MASK ROM ORDERING METHOD 





GZZ—SH00—41A< 32B0 > 


"SERIES MELPS 740 MASK ROM CONFIRMATION FORM 
SINGLE-CHIP MICROCOMPUTER M50741-XXXSP/FP — | 


MITSUBISHI ELECTRIC 







Note : Please fill in all items marked. 


Company 
name 
* | Customer 
Date — 
issued 


%* 1. Confirmation | 
Specify the name of the product being ordered and the type of EPROMs submitted. 
Three sets of EPROMs are required for each pattern (Check @ in the appropriate bon. 
If at least two of the three sets:of EPROMs submitted contain the identical data, we will produce masks based 
_in this data. We shall assume the responsibility for errors only if the mask ROM data on the products we pro- 
duce differ from this data. Thus, the customer must be especially careful in verifying the data contained in the 
EPROMs submitted. 


Microcomputer name : L] M50741-xXXXSP L] M50741-XXXFP 


Checksum code for entire EPROM areas teats (hexadecimal notation) 


Issuance 
signature 





EPROM Noe 


0000 
ELLE ves 


“aK 
1FFF — 





Set “FF,, in the shaded area. 
*X 2. Mark specification | 
Mark specification must be submitted using the correct form for the type package being ordered fill out the appropriate mark 


‘specification form (52P4B for M50741-XXXSP ; 50P6 for M50741-XXXFP) and attach to the mask ROM confirmation form. 


* 3. Comments 





a @ MITSUBISHI 
ELECTRIC 


MITSUBISHI MICROCOMPUTERS 


SERIES MELPS 740 MASK ROM ORDERING METHOD ! 





GZZ—SH00—54A< 3ZB0 > 


SERIES MELPS 740 MASK ROM CONFIRMATION FORM | 


SINGLE-CHIP MICROCOMPUTER M50742-XXXSP/FP 


MITSUBISHI ELECTRIC : | cate: 








Note : Please fill in all items marked. 


Responsible ; 
officer Supervisor 


' Company 
name - 






* | Customer 


Issuance 
signature 


Date 





issued 


* 1. Confirmation 
Specify the name of the product being ordered and the type of EPROMs submitted. 
Three sets of EPROMs are required for each pattern (Check @ in the appropriate box). 
If at least two of the three sets of EPROMs submitted contain the identical data, we will produce masks based 
in this data. We shall assume the responsibility for errors only if the mask ROM data on the products we pro- 
duce differ from this data. Thus, the customer must be especially careful in verifying the data contained in the 


EPROMs submitted. 
Microcomputer name - L) M50742-xXxXxXSP L] M50742-XXXFP 


Checksum code for entire EPROM areas r | [Tf] (hexadecimal notation) 
EPROM type 


LI 2732 L] 2764 [ 27128 ial 27256 


“se fies 
| me ys 


Set “FF,” in the shaded area. 





*% 2. Mark specification : | 
Mark specification must be submitted using the correct pion for the type package being ordered fill out the appropriate mark 
specification form (64P4B for M50742-XXXSP ; 72P6 for M50742-XXXFP) and attach to the mask ROM confirmation form. 


* 3. Comments 





MITSUBISHI | | "pe 
ELECTRIC | 


MITSUBISHI MICROCOMPUTERS 


MELPS 740 MASK ROM ORDERING METHOD 





GZZ—SHO00—54A< 3ZB0 > 
4. Port PO pull-up transistor (if built-in is desired write 1, if not write 0) 


PQo PO, PQ2 POs; PO, POs PO. PO, 


* 5. Port Pt pull-up transistor (if built-in is desired write 1, if not write 0) : 
Pip P1, Pip Pig Ply Pig Pig Pty 


* 6. Port P2 pull-up transistor (if built-in is desired write 1, if not write 0) 


P2, P2, P2. P23 P2, P2, P2, P2, 


fT ET Ee 


<7. Port P3 pull-up transistor (if built-in is desired write 1, if not’ write 0) 


P35 P3;, P32. P33 P38, P35 P36 P37 


8. Port P4 pull-down transistor (if built-in is desired write 1, if not write 0) 


P4, P4, P42, P43; P4, P45 P4,—. P4, 


9. Port P5 pull-up transistor (if built-in is desired write 1, if not write 0) 
| P5y P5, P52 PSs P5, PSs P5g P5, 
10. Port P6 pull-up transistor (if built-in is désired write 1, if not write 0) 


P6 P6, P6. P63 P64, P6s PG. P6, 





Py 2 MITSUBISHI 
a } ELECTRIC 


MITSUBISHI MICROCOMPUTERS 


SERIES MELPS 740 MASK ROM ORDERING METHOD 





GZZ—SHO00—61A< 4YB0 > 


SERIES MELPS 740 MASK ROM CONFIRMATION FORM 


SINGLE-CHIP MICROCOMPUTER M50743-XXXSP/FP Sa 


MITSUBISHI ELECTRIC 7 










Note : Please fill in all items marked. 


TEL 
Company 
name ( ) 
. Customer ; 
Date 
: issued 


. ¥% 1. Confirmation 
Specify the name of the product being ordered and the type of EPROMs submitted. 
Three sets of EPROMs are required for each pattern (Check @ in the appropriate box). 
If at least two of the three sets of EPROMs submitted contain the identical data, we will produce masks based 
in this data. We shall assume the responsibility for errors only if the mask ROM data on the products we pro- 


duce differ from this data. Thus, the customer must be especially careful in verifying the data contained in the 
EPROMs submitted. : | 





Issuance 
signature 





Microcomputer name :° LC] M50743-XXXSP [J] M50743-XXXFP 


Checksum code for entire EPROM areas | | | ff (hexadecimal notation) 
EPROM type | | 


[1] 2732 _ £1 2764 [| 27128 © [] 27256 | 





LL 





Set “FF,,” in the shaded area. 
K 2. _ Mark specification _ 
Mark specification must be submitted using the correct form for the type package being ordered fill out the appropriate mark 


specification form (64P4B for M50743-XXXSP ; 72P6 for M50743-XXXFP) and attach to the mask ROM confirmation form. 


x 3. Comments 





_ _@ MITSUBISHI | | par 
ELECTRIC | se 





MITSUBISHI MICROCOMPUTERS 


SERIES MELPS: 740 MASK ROM ORDERING METHOD 





GZZ—SH00—69A< 5XB0> 





SERIES MELPS 740 MASK ROM CONFIRMATION FORM = Las SOM nb 
SINGLE-CHIP MICROCOMPUTER M50744-XXXSP/FP_ 
MITSUBISHI ELECTRIC = 


Section head| Supervisor 
signature signature 





Note : Please fill in all items marked. 


Company 
name 






* | Customer 


Issuance 


Date 


issued 


*X 1. Confirmation - 
. Specify the name of the product being ordered and the type of EPROMs submitted. 
Three sets of EPROMs are required for each pattern (Check @ in the appropriate box). | 
If at least two of the three. sets of EPROMs submitted contain the. identical data, we will produce masks based 
in this data. We shall assume the responsibility for errors only if the mask ROM data on the products. we pro- 
- duce differ from this data. Thus, the customer must be especially careful in SUING, the data contained in the 
EPROMs submitted. 


Microcomputer name: (]_ M50744- xxxsp M50744-XXXSP 


Checksum code for entire EPROM areas a (hexadecimal notation) 
EPROM el 


an 2732 [] 2764 O 27128 oO 27256 


me | + | .. | 
Ltt shine’ | sere | L__data 


7000 4 
7FFF aK 

Mark specification must be submitted using the correct form for the type package being ‘ordered fill. ‘out the appropriate mark 
specification form (64P4B for M50744- XXXSP ; 72P6 for M50744- XXXSP) and attach to the mask ROM confirmation form. 





















Set Ppa the shaded area. 


* 3. Comments — 


* 4. STP instruction option (if enable is desired write 1, if not write 0) 
STP 


a 





6—12 _ a. _@ MitsuBisHi 
ELECTRIC 


MITSUBISHI MICROCOMPUTERS 


SERIES MELPS 740 MASK ROM ORDERING METHOD 





GZZ—SH01—42A< 81A0 > 


SERIES MELPS 740 MASK ROM CONFIRMATION FORM 


SINGLE-CHIP MICROCOMPUTER M50744T-XXXSP 


MITSUBISHI ELECTRIC aE ERAGE 
signature signature 


Note : Please fill in all items markedX. 


; Responsible S : 
. ; upervisor 
Company officer P 


name 
* | Customer 
Date ; 
| issued 


* 1. Confirmation 
Specify the name of the product being ordered and the type of EPROMs submitted. 
Three sets of EPROMs are required for each pattern (Check @ in the appropriate box). — 
If at least two of the three sets of EPROMs submitted contain the identical data, we will produce masks based 
in this data. We shall assume the responsibility for errors only if the mask ROM data on the products we pro- 
duce differ from this data. Thus, the customer must be especially careful in verifying the data contained in the 
EPROMs submitted. 


Microcomputer name : [CL] M50744T-xXxXXSP 


Checksum code for entire EPROM areas | [| {| (hexadecimal notation) 
LC] 27128 . LC} 27256 


TN, | LTT 








Issuance 
signature 


EPROM type 






3FFF— | L___data_ | 


Set “FF,,” in the shaded area. 
* 2. Mark specification ; 3 : 
Mark specification must be submitted using the correct form for the type package being ordered fill out the appropriate mark 
specification form (64P4B for M50744T-XXXSP) and attach to the mask ROM confirmation form. | , 


*% 3. Comments 


4. STP instruction option (if enable is desired write 1, if not write 0) 
STP 


be 





_@ MITSUBISHI 7 | pete 
Mm ELECTRIC 








MITSUBISHI MICROCOMPUTERS 


‘SERIES MELPS. 740 MASK ROM VEE RIN METHOD 





 @ZZ—SHO0—46A< 37B0> 


SERIES MELPS 740 MASK ROM CONFIRMATION FORM | a | 


SINGLE-CHIP MICROCOMPUTER M50745-XXXSP/FP_ : : 


MITSUBISHI ELECTRIC oe” ey 





Note : Please fill in‘all items marked x. 


| Responsible F 
Supervisor 






Issuance 
signature 


Company | _ 
. name a ‘ 
x | Customer : 
Date ; : 
issued _ . SO > : ee ee 


1. Confirmation 
‘Specify the name of the product being ordered and the type of EPROMs submitted. 
Three sets of EPROMs are required for each pattern (Check @ in the appropriate box). 
If at least two of the three sets of EPROMs: submitted contain the identical data, we will produce masks based 
in this data. We shall assume the responsibility for errors only if the mask ROM data on the products we pro- 
duce differ from this data. Thus, the customer must be especially careful in verifying the data contained in the 
EPROMs submitted. : | | 


Microcomputer name : Oo M50745-XXXSP LJ) M50745-XXXFP 


| Siac code for ane EPROM areas sade tec! . (hexadecimal notation) 
EPROM type | | | 
O 2764 LJ 27128 QO 27256 {| 2751 2 


oe, ‘ea a rm oe 


Set “FFie: in the shaded area. 





* 2. Mark specification 
Mark specification must be submitted using the correct form for the type package being ordered fill out the appropriate mark 
specification form (64P4B for M50745-XXXSP ; 60P6 for M50745-XXXFP) and attach to the mask ROM confirmation form. 


* 3. Comments | 





6-14 . ’- MITSUBISHI 
ee ELECTRIC . 


MITSUBISHI MICROCOMPUTERS 


SERIES MELPS 740 MASK ROM ORDERING METHOD 





GZZ—SH00—46A< 37B0> 
<4. Port PO pull-up transistor (if built-in is desired write 1, if not write 0) 


x7. 


PO. PO; PO; P03; PO, POs -P0g PO, 

5. Port P1 pull-up transistor (if built-in is desired write 1, if not write 0) 
Plo Pl; Plo P13 Pl, Pls Pig Piz 

%*% 6. Port P2 pull-up transistor (if built-in is desired write 1, if not write 0) 
P25 P2, P2> P23 P2, P2. P2, P27 


Port P3 pull-up transistor (if built-in is desired write 1, if not write 0) 


P39 P3, P3, P33 P3, P35 P3g P3, 


3X 8. Port P4 pull-down transistor (if built-in is desired write 1, if not write 0) 
P4) P4; P4, P43 P4, P4s Pde P4, 
x 9. Port P5 pull-up transistor (if built-in is desired write 1, if not write 0) 


P55 PS; P52 P53 P54, P55 Pg _ -P57 


CELLET 





MITSUBISHI 


ELECTRIC - ve 





MITSUBISHI MICROCOMPUTERS 


SERIES” MELPS. 740 MASK ROM ORDERING METHOD 





GZZ—SHO00—70A< 5XB0 > 


‘SERIES MELPS 740 MASK ROM CONFIRMATION FORM 
SINGLE-CHIP MICROCOMPUTER M50746-XXXSP/FP _ sr | 


MITSUBISHI ELECTRIC ; rat 


Note : Please fill in all items marked. 


| Supervisor 
Company | 7 


: | name © ( 
*x | Customer 
Date | . 
| _ issued ; . | 


* 1. Confirmation 
Specify the name of the product being ordered and the type of EPROMs submitted. 
Three sets of EPROMs are required for each pattern (Check @ in the appropriate box). 
If at least two of the three sets of EPROMs submitted contain the identical data, we will produce masks based 
in this data. We shall assume the responsibility for errors only if the mask ROM data on the products we pro- 
duce differ from this data. Thus, the customer must be especially careful in verifying the data contained in the 
EPROMs submitted. 












Issuance 
signature 


Microcomputer name : L] M50746-xXXXSP  () M50746-XXXFP 


Checksum code for entire EPROM areas id aes (hexadecimal notation) 
‘EPROM type 


LJ 2764 LJ 27128 EJ 27256 Ol 27512 


ema. 1 ae | 7 a 


pe ae ee a | data peer Ss 





- Set “FF,,_” in the shaded area. 


* 2. Mark specification 
' Mark specification must be submitted using the correct form for the type package being ordered fill out the appropriate mark 
specification form (64P4B for M50746-XXXSP ; 72P6 for M50746- ae and attach to the mask ROM confirmation form. 


x 3. Comments 
4. STP instruction option (if enable is desired write 1, if not write 0) 
STP 


= 





Bae. | _ MITSUBISHI 
| | | PEECInt. 


MITSUBISHI eR OM et 


SERIES MELPS. 740 MASK ROM ORDERING METHOD 





GZZ—SH00—57A< 44B0>- 





_|.Mask ROM number Ld 


Section head; Supervisor 
signature signature 


SERIES MELPS 740 MASK ROM CONFIRMATION FORM 
SINGLE-CHIP MICROCOMPUTER MS50747-XXXSP/FP 
MITSUBISHI ELECTRIC 








Note. : Please fill in all items marked. 


atflear 
4 upervisor 
Company officer 






name 
’ ¥ | Customer 


Issuance 
signature 


Date 


issued 


1. Confirmation . | | 
Specify the name of the product being ordered and the type of EPROMs submitted. 
Three sets of EPROMs are required for each pattern (Check @ in the appropriate box). 
If at least two of the three sets of EPROMs submitted contain the identical data, we will produce masks based 
in this data. We shall assume the responsibility for errors only if the mask ROM data on the products we pro- 
duce differ from this data. Thus, the customer must be especially careful in verifying the data contained in | the 
‘EPROMsS submitted. 


Microcomputer name: © MS50747-XXxSP [J MS50747-XXXFP 


Checksum code for entire EPROM areas “Laws. (hexadecimal notation) 
EPROM type 


L] 2764 = 27128 LJ] 27256 oO 27512 | 


(ee a | ae. | 


Set “FF,” in the shaded area. 
‘Mark specification ‘must be submitted using the correct form for the type package being ordered fil out the appropriate mark 
specification form (64P4B for M50747-XXXSP ; 72P6 for M50747-XXXFP) and attach to the mask ROM confirmation form. © 





















* 3. Commenis 





MITSUBISHI ggg 
ELECTRIC | _ | 





MITSUBISHI MICROCOMPUTERS 


SERIES MELPS. 740 MASK ROM ORDERING METHOD 





_ GZZ—SH01—27A 7ZA0> 


SERIES MELPS 740 MASK ROM CONFIRMATION FORM 7 [Mask ROM number} | 


SINGLE- CHIP MICROCOMPUTER M50747H-XXXSP/FP 
ae, ELECTRIC 


Date : 


Section head} Supervisor 
signature signature 





Note : Please fill in all items marked. 


; i upervisor 
Company . officer 






name 
x | Customer 


Issuance 
signature 


Date 


issued 


9% 1. Confirmation | 

Specify the name of the product being ordered and the type of EPROMs submitted. 

Three sets of EPROMs are required for each pattern (Check @ in the appropriate box). 

If at least two of the three sets of EPROMs submitted contain the identical data, we will produce masks based 
in this data. We shall assume the responsibility for errors only if the mask ROM data on the products we pro- 
duce differ from this data. Thus, the customer must be especially careful in verifying the data contained in the 
EPROMs submitted. 


‘Microcomputer name : B M50747H-XXXSP L] M50747H-XXXFP 


Checksum code for entire EPROM areas Lt td (hexadecimal notation) - 
EPROM type 


L] 2764 U 2/128 [] 27256 [1] 27512 


a | 
cl [ees dee 


Mark specification aan, be submitted using the correct form for the type package being ordered fill, out the appropriate mark 
specification form (64P4B for M50747H-XXXSP ; 72P6 for M50747H-XXXFP) and attach to the mask ROM confirmation form. 





















Set “FF,,” in the shaded area. 


| * 3. Comments — 





sagu-> | | | MITSUBISHI 
| ELECTRIC 


MITSUBISHI MICROCOMPUTERS 


SERIES MELPS 740 MASK ROM ORDERING METHOD 





GZZ—SH01—26A< 7ZA0 > 


_ SERIES MELPS 740 MASK ROM CONFIRMATION FORM 


SINGLE-CHIP MICROCOMPUTER M50747T-XXXSP _ an 


MITSUBISHI ELECTRIC : 


Note : Please fill in all items marked. 


eeaporsinle upervisor 
Company officer 


name 









* | Customer 


issuance 
signature 


ee 


ee 


* 1. Confirmation 
Specify the name of the product being ordered and the type of EPROMs submitted. 
Three sets of EPROMs are required for each pattern (Check @ in the appropriate box). 
If at least two of the three sets of EPROMs submitted contain the identical data, we will produce masks based 
in this data. We shall assume the responsibility for errors only if the mask, ROM data on the products we pro- 
duce differ from this data. Thus, the customer must be a a careful in verifying the data contained in the 
EPROMs submitted. 


Checksum code for entire EPROM areas I | | |] (hexadecimal notation) 


EPROM type 


L] 2764 L] 27128 el 27256 L] 27512 





Set “FF, ,” in the shaded area. 
* 2. Mark specification 
Mark specification must be submitted using the correct form for the type package Béiag ordered fill out the appropriate mark 


specification form (64P4B for M50747T-XXXSP) and attach to the mask ROM confirmation form. 


*x 3. Comments 





_ MITSUBISHI | eae 
ELECTRIC | 








“MITSUBISHI MICROCOMPUTERS 


SERIES. MELPS 740 MASK ROM ORDERING METHOD 





GZZ—SH00—65A < 52B0 > 


SERIES MELPS 740 MASK ROM CONFIRMATION FORM a 
SINGLE-CHIP MICROCOMPUTER M50752-XXXSP __ ee | 


MITSUBISHI ELECTRIC 


= ! 


Note : Please fill in all items marked&. 


Pata agg tem a ie : 3 Responsible | supervisor | 
asd, a upervisor 
Company 


name _ . 
x | Customer | . 
Date yeas | - 
issued ; 


* 1. Confirmation 
Specify the name of the product being ordered and the type of ERROMs submitted. 
Three sets of EPROMs are required for each pattern (Check @ in the appropriate box). 
If at least two of the three sets of EPROMs submitted contain the identical data, we will produce masks based 
in this data. We shall assume the responsibility for errors only if the mask ROM data on the products we pro- 
duce differ from this data. Thus, the customer must be especially careful in verifying the data contained in ae 
EPROMs submitted. 


Checksum: code for entire EPROM areas TT) (hexadecimal notation) 
EPROM type. 


7 CL) 2732 — ~C) 2764 LJ . 27128 []. 27256 


ja , | a te, mig. 


Mark specification must be submitted using the correct form for the type package being ordered fill out the appropriate mark 
specification form (52P4B for M50752-XXXSP) and attach to the mask ROM confirmation form. 












Issuance 
signature 




















Set “FF,,” in the shaded area. 


xX 3. Comments 





a | _@ MITSUBISHI 
| cELECTRIC . 


MITSUBISHI MICROCOMPUTERS 


SERIES MELPS 740 MASK ROM ORDERING METHOD 





GZZ—SH00—52A< 3ZB0> 


SERIES MELPS 740 MASK ROM CONFIRMATION FORM Celik 


SINGLE-CHIP MICROCOMPUTER MSO1 So: ARASH 


MITSUBISHI ELECTRIC 





Note : Please fill in all items marked. 


Responsible 
Supervisor 






Issuance 
signature 


Company : . 
name ; 
* | Customer 
| Date E : 
issued : | 


* 1. Confirmation 
Specify the name of the product being ordered and the type of EPROMs submitted. | 
Three sets of EPROMs are required for each pattern (Check @ in the appropriate box). 
If at least two of the three sets of EPROMs submitted contain the identical data, we will produce masks based 
in this data. We shall assume the responsibility for errors only if the mask ROM data on the products we pro- 
duce differ from this data. Thus, the customer must be especially careful in verifying the data contained in the 
EPROMs submitted. 


Microcomputer name:  (] M50753-XXXSP [1] MS50753-XXXFP 


| Checksum code for entire EPROM areas eel TT TT (hexadecimal notation) 
EPROM Ee 


ee | CTT ii 
a fa | data gate ee 


6 
7FFF — FFFF 
Mark specification must be submitted using the correct form for the. type package being ordered fill out the appropriate mark 
specification form (64P4B for M50753-XXXSP ; 60P6 for M50753-XXXFP) and attach to the mask ROM confirmation form. 



















Set “FF,.,” in the shaded area. 


* 3. Commenis 





MITSUBISHI ce 
ELECTRIC , | 








MITSUBISHI MICROCOMPUTERS 


SERIES MELPS 740 MASK ROM ORDERING METHOD 





GZZ—SH00—52A< 3ZB0 > | 
4. Port PO pull-up transistor (if built-in is desired write 1, if not write 0) 


PO0o PO, PO. PO3 PO, POs PO, PO, 


Ey 


5. Port P1 pull-up transistor (if-built-in is desired write 1, if not write 0) 


Pio P1, Pla Ply Pt4 Pts Pig Pty 


* 6. Port P2 pull-up transistor (if built-in is desired write 1, if not write 0) 


: P25 P2, P2, P23 P2, P2. P2. P2, : 


7. Port P3 pull-up transistor (if built-in is desired write 1, if not write 0) 


P39 P3, P38. P33 P38, P38. P38. P3, 


x8. Port P4 pull-down transistor (if built-in is desired write 1, if not write 0) 


P4o P4; P4p P4g 


| | tt 


* 9. Port PWM pull-up transistor (if built-in is desired write 1, if not write 0) 


PWM 


| 





7 a -_ MITSUBISHI 
: | ELECTRIC 


MITSUBISHI MICROCOMPUTERS 


SERIES MELPS: 740 MASK ROM ORDERING METHOD 





GZZ—SH01—38A< 81A0 > 


SERIES MELPS 740 MASK ROM CONFIRMATION FORM 


SINGLE-CHIP MICROCOMPUTER M50753T-XXXSP 
MITSUBISHI ELECTRIC 


Section head| Supervisor 
signature signature 





Note : Please fill in all items marked. 


| officer 
; upervisor 
Company : oMicet 






Issuance 
signature 


, name 
* | Customer 
_Date : : 
issued ° . oS 


* 1. Confirmation 
Specify the name of the product being ordered and the type of EPROMs submitted. 
Three sets of EPROMs are required for each pattern (Check @ in the appropriate box). 
If at least two of the three sets of EPROMs submitted contain the identical data, we will produce masks based 
in this data. We-shall assume the responsibility for errors only if the mask ROM data on the products we pro- 
duce differ from this data. Thus, the customer must be especially careful in verifying the data contained in the 
EPROMs submitted. 


- Checksum code for entire EPROM areas rf | dl ‘(hexadecimal notation) 
EPROM type. 


— wom | TTT on 
te SI data | i 
% 2. Mark specification 


7FFF 
Mark specification must be submitted using the correct form for the type package being ordered fill out the appropriate mark 
specification form (64P4B for M50753T-XXXSP) and attach to the mask ROM confirmation form. 



















Set “FF,” in the shaded area. 


* 3. Commenis 





MITSUBISHI o feds 
ELECTRIC 





MITSUBISHI MICROCOMPUTERS 


-MELPS 740 MASK ROM ORDERING METHOD 





GZZ—SH01—38A< 81A0 > 
* 4. Port PO pull-up transistor (if built-in is desired write 1, if not write 0) 


P09 PO, PO. POs; PO, POs PO, PO, 


2% 5. Port Pt pull-up transistor (if built-in is desired write 1, if not write 0) 


Plo P1, Plz Pig Ply Pts Pte Pt, 


6. Port P2 pull-up transistor (if built-in is desired write 1, if not: write 0) 


P2, P2, P2. P23 P2, P2s P26 P2, 


7. Port P3 pull-up transistor (if built-in is desired write 1, if not write 0) 


P3po P38; P32 P33 P38, P35 P36 P23, 


( 


8. Port P4 pull-down transistor (if built-in is desired write 1, if not write 0) 


P4p P4, P4, Pd, 


ttt 


2% 9. Port PWM pull-up transistor (if built-in is desired write 1, if not write 0) 


PWM 


= 





ay | —@ mitsuBisui 
| ELECTRIC 


MITSUBISHI MICROCOMPUTERS 


SERIES MELPS 740 MASK ROM ORDERING METHOD 





GZZ—SHO00—64A< 52B0 > 


SERIES MELPS 740 MASK ROM CONFIRMATION FORM [Mesh ROM number] | 


SINGLE-CHIP MICROCOMPUTER M50754-XXXSP/FP/GP | 7 
ate : 


MITSUBISHI ELECTRIC | i fase 5 





Note : Please fill in all items marked. 


Responsible : 
Supervisor 


Company 
name 






* | Customer 


Issuance 
signature 


Date 








issued 


* 1. Confirmation | 
Specify the name of the product being ordered and the se of EPROMs submitted. 
' Three sets of EPROMs are required for each pattern (Check @ in the appropriate box). 
If at least two of the three sets of EPROMs submitted contain the identical data, we will produce masks based 
in this data. We shall assume the responsibility for errors only if the mask ROM data on the products we pro- 
duce differ from this data. Thus, the customer must be Papasan! careful in verifying the data contained in the 
EPROMs submitted. | , 


Microcomputer name : L} M50754-XXXSP = [|] M50754-XXXFP  (L] M50754-XXXGP 


Checksum code for entire EPROM areas ——— (héxadecimal notation) 


EPROM type 


L] 2764 L| 27128 L] 27256 o 27512 





Set “FF,” in the shaded area. 


* 2. Mark specification 
Mark specification must be submitted using the correct form for the type package being ordered fill out the appropriate mark 
specification form (64P4B for M50754-XXXSP ; 72P6 for M50754-XXXFP ; 64P6W for M50754- APACE) and attach to the mask 
ROM confirmation form. 


x 3. Comments 


* 4. ¢ output halt option (if output halt is desired write 1, if not write 0.) 
PHIO . 


a 








_MITSUBISHI hme? | ae 
MELECTRIC — | _ 


MITSUBISHI MICROCOMPUTERS. 


MELPS 740 MASK ROM ORDERING METHOD 





GZZ—SHO00—60A< 44B0 > 


_ SERIES MELPS 740 MASK ROM CONFIRMATION FORM | [Mask ROM number | 


SINGLE-CHIP MICROCOMPUTER M50757-XXXSP 


MITSUBISHI ELECTRIC 
ia 


Note : Please fill in all items marked. 


Responsible : 
Supervisor 


Company 
| name . 
*x | Customer |__ : . 
. Date ; | 
issued ; . 


*X 1. Confirmation 
Specify the name of the product being ordered and the type of EPROMs submitted. 
_ Three sets of EPROMs are required for each pattern (Check @ in the appropriate box). 
lf at least two of the three sets of EPROMs submitted contain the identical data, we will produce masks based 
in this data. We shall assume the responsibility for errors only if the mask ROM data on the products we pro- 
duce differ from this data. Thus, the customer must be especially careful in verifying the data contained in the 
EPROMs submitted. 


Checksum code for entire EPROM areas — (hexadecimal notation) 
EPROM type 


[J 2732 [] 2764 [1 27128 Oo 27256 











Issuance 
signature — 





uma |e 


dees aa 3FFF Ss 





Set “FF,,” in the shaded area. 
*X 2. Mark specification . 
Mark specification must be submitted using the correct form for the type package being ordered fill out the appropriate mark 


specification form (52P4B for M50757-XXXSP) and attach to the mask ROM order confirmation form. - 


x3. Comments 


fede _ . 4 MITSUBISHI 
pees | | ELECTRIC | 


MITSUBISHI MICROCOMPUTERS 


SERIES MELPS 740 MASK ROM ORDERING METHOD 





GZZ—SH00—63A< 4ZB0> 


SERIES MELPS 740 MASK ROM CONFIRMATION FORM ee. | 


SINGLE-CHIP MICROCOMPUTER M50758-XXXSP 
MITSUBISHI ELECTRIC 


Section head} Supervisor 
signature signature 





Note : Please fill in all items marked. 


Responsible ; 
Supervisor 






Company 
name 
* | Customer 


Issuance 
signature 


Date 


issued 


* 1. Confirmation 
Specify the name of the product being ordered and the type of EPROMs submitted. 
Three sets of EPROMs are required for each pattern (Check @ in the appropriate box). 
If at least two of the three sets of EPROMs submitted contain the identical data, we will produce masks based 
in this data: We shall assume the responsibility for errors only if the mask ROM data on the products we pro- 
duce differ from this data. Thus, the customer must be especially careful in verifying the data contained in the 
EPROMs submitted. 


Checksum code for entire EPROM wd ET (hexadecimal notation) 


EPROM type 


[LITT ae ask mg 7 





Set “FF,,” in the shaded area. 
*X 2. Mark specification 
Mark specification must be submitted using the correct form for the type package being ordered fill out the secroprate. mark 


specification form (52P4B for M50758-XXXSP) and attach to the mask. ROM order confirmation form. 


x3. Comments 





MITSUBISHI — | 6—27 
ELECTRIC , 








MITSUBISHI MICROCOMPUTERS 


SERIES MELPS 740 MASK ROM ORDERING. METHOD 





GZZ—SH00—71A< 5XBO> 





Mask ROM number 


Section head| Supervisor 
signature signature 


SERIES MELPS 740 MASK ROM CONFIRMATION FORM 
SINGLE-CHIP MICROCOMPUTER M50930-XXXFP 
MITSUBISHI ELECTRIC © 





Note : Please fill in all items marked. 






| Company 
name 
_ %& | Customer 


Date 


’ issued 


*X 1. Confirmation | | 
_ Specify the name of the ane Belag ordered and the type of EPROMs submitted. 
Three sets of EPROMs are required for each pattern (Check @ in the appropriate box). ) 
If at least two of the three sets of EPROMs submitted contain the identical data, we will produce masks based 
in this data. We shall assume the responsibility for errors only if the mask ROM data on the products we pro- 
duce differ from this data. Thus, the customer must be especially careful in verifying the data contained in the 
EPROMs submitted. : 


Checksum code for entire EPROM areas jaaneh (hexadecimal notation) 
EPROM type 


mT 2000 iil 


2 * J 7FFF 















Set “FF,,” in the shaded area. 


x 2. Mark specification ; 
Mark specification must be submitted using the soneet form for the type package being ordered fill out the appropriate mark 
. specification form (80P6 for M50930-XXXFP) and attach to the mask ROM order confirmation form. 


* 3. Comments — 





= ne -_ MITSUBISHI 
2 _ — MAMELECTRIC 


MITSUBISHI MICROCOMPUTERS 


SERIES MELPS 740 MASK ROM ORDERING METHOD 





GZZ—SHO0—71A< 5XBO > 


4, 


mS. 


* 6. 


7. 


KB, 


Port PO pull-up transistor (if built-in is desired write 1, if not write 0) 


P0p PO, P02 P03 PO, PO; POs P0, 


Port P1 pull-up transistor (if built-in is desired write 1, if not write 0) 


Pig P1, Pig Pls Plq Pls Pig Plz 


Port P2 pull-up transistor (if built-in is desired write 1, if not write 0) 


P29 P2, P22 P23 P2, P25 P2g P27 


ptt tt Ty 


Port P3 pull-up transistor (if built-in is desired write 1, if not write 0) 


P35 P3; P38. P83 P3, P85 P38. P37 


Port P35/Sour output type (if Nch open drain is desired write 1, if CMOS write 0) 


Sout 





_ MITSUBISHI — 6—29 
ELECTRIC | 











MITSUBISHI MICROCOMPUTERS 


SERIES. MELPS 740 MASK ROM ORDERING METHOD 





- GZZ—SH01—37A<81A0) — 
SERIES MELPS 740 MASK ROM CONFIRMATION FORM | Pe eR 


Section head} Supervisor 
signature signature 


_ SINGLE-CHIP MICROCOMPUTER M50930T-XXXFP 
_ MITSUBISHI eee 





Note : Please fill:in all items marked. 


| officer 
. | 3 | : upervisor 
Company | oo officer P | 


name 






* | Customer 
Date 


_ Issuance 
- signature 


issued | 


* 1. Confirmation 
Specify the name of the product being ordered and the type of EPROMs submitted. 
Three sets of EPROMs are required for each pattern (Check @ in the appropriate box). 
If at least two of the three sets of EPROMs submitted contain the identical data, we will produce masks based 
in this data. We shall assume the responsibility for errors only if the mask ROM data on the products we pro- 
duce differ from this data. Thus, the customer must be especially careful in verifying the data contained in the 
EPROMs submitted. 


Checksum ode for entire EPROM areas TTT (hexadecimal ngetow 
EPROM type 


L] 2764 LJ 27128 © L] 27256 A 27512 


Ti TEE cee, | a T 
ae A 7FFF A 
* 2. Mark specication 


[| data 
Mark specification must be submitted using the correct form for the type package being ordered fill out the appropriate mark 
specification form (80P6 for M50930T-XXXFP) and attach to the mask ROM order confirmation form. 



















Set “FF,,” in the shaded area. 


* 3. Comments | 





6—30 | | | _@ MITSUBISHI 
: | | ELECTRIC ©. 


MITSUBISHI MICROCOMPUTERS 


‘SERIES MELPS 740 MASK ROM ORDERING METHOD 





GZZ—SH01—37A< 81A0> 


*K 4, 


OKO. 


* 6. 


*K7. 


8. 


Port PO pull-up transistor (if built-in is desired write 1, if not write 0) 


PO. PO; PO, POs PO, PO; POs PO, | 


Port P1 pull-up transistor (if built-in is desired write 1, if not write 0) 


Plo Pt, Pip Pig Pl, Pls Pig Pty 


Port P2 pull-up transistor (if built-in is desired write 1, if not write 0) 


P25 P2, P22, P23 P2, P25 P26 P27 


Port P3 pull-up transistor (if built-in is desired write 1, if not write 0) 


P35 P3, P32 P33 P38, P35 P3g P37 


Port P3s/Sour output type (if Nch open drain is desired write 1, if CMOS write 0) | 


Sout 





- MITSUBISHI a 6—31 
ELECTRIC . | 











MITSUBISHI MICROCOMPUTERS 


“SERIES MELPS: 740. MASK ROM ORDERING METHOD 





_ GZZ—SH01—17A< 7YA0> 


SERIES MELPS 740 MASK ROM CONFIRMATION FORM — 


SINGLE-CHIP MICROCOMPUTER M50931-XXXFP | , 
_ MITSUBISHI ELECTRIC | Date : 


Section head} Supervisor 
signature signature 





Note : Please fill in all items marked. 


Company 
‘name 






* | Customer 
Date > 


issued 


* 1. Confirmation | 
Specify the name of the product being ordered and the type of EPROMs submitted. 
Three sets of EPROMs are required for each pattern (Check @ in the appropriate box). 
lf at least two of the three sets of EPROMs submitted contain the identical data, we will produce masks based 
in this data. We shall assume the responsibility for errors only if the mask ROM data on the products we pro- 


duce differ from this data. Thus, the customer must be especially careful in verifying the data contained in the 
EPROMs submitted. 


Gleckeutk code for entire EPROM areas ft [ft (hexadecimal notation) 
EPROM type . | 
= 2/64 [} 27128 [] 27256 LJ) 27512 


pe cae zl 7FFF — 





a 1 mas | TTT rn 


Set “FF,” in the shaded area. 


2. Mark specification 


Mark specification must be submitted using the correct form for the type nackage being ordered fill out the appropriate ark: 
specification form (80P6 for M50931-XXXFP) and attach to the mask ROM order confirmation form. 


* 3. Comments 





630 7 | ) MITSUBISHI 
to ELECTRIC 


MITSUBISHI MICROCOMPUTERS 


- SERIES MELPS 740 MASK ROM ORDERING METHOD 





GZZ— SH01—17A< 7YAO > 
x 4. Port PO pull-up transistor (if built-in is desired write 1, if not write 0) 


PQo PO, PO. POs; PO, POs PO,g P07 


Oi Port P1 pull-up transistor (if built-in is desired write 1, if not write 0) 


Pio Pl, Pile Ply Ply Pls Pig Pty 


* 6. ot P2 pull- up transistor (if built-in is desired write 1, if not write 0) 
P25 P2, P2, P2g P2, P25 P2— P2, 
* 7. Port P3 pull-up transistor (if built-in is desired write 1, if not write 0) | 


P3, P3, P38, P33 P3, P3s P3.— P37 


* 8. Port PSs/Sour euiput type (if Nch open drain is eesivas write 1, if CMOS write 0) 


Sour 





ELECTRIC | | 





MITSUBISHI MICROCOMPUTERS 


SERIES MELPS 740 MASK ROM ORDERING METHOD 





GZZ—SHO00—88A < 72B0 > 


SERIES MELPS 740 MASK ROM CONFIRMATION FORM — 
SINGLE-CHIP MICROCOMPUTER M50932-XXXFP er | 


MITSUBISHI ELECTRIC 


Note : Please fill in all items marked. 


| | | . | Bicone 
i upervisor 
Company ieespeneible) p 


. name 7 
| Customer 
. Date : 
issued 


x 1. Confirmation 
~ Specify the name of the product being ordered and the type of EPROMs submitted. 
Three sets of EPROMs are required for each pattern (Check @ in the appropriate box). 
If at least two of the three sets of EPROMs submitted contain the identical data, we will produce masks based 
in this data. We shall assume the responsibility for errors only if the mask ROM data on the products we pro- 
duce differ from this data. Thus, the customer must be especially careful in verifying the data contained in the 
EPROMs submitted. 


Checksum code for entire EPROM areas rt i i (hexadecimal notation) 
EPROM type 


L] 2764 LJ] 27128 LJ] 27256 LJ] 27512 











Issuance 
signature 


4 z= / 


cee | data lee a 





Set “FF,,” in the shaded area. — 
* 2. Mark specification . 
Mark specification must be submitted using the correct form for the type package being ordered fill out the appropriate mark 


- specification form (80P6 for M50932-XXXFP) and attach to the mask ROM order confirmation form. 


* 3. Comments 





634 | MITSUBISHI 
a | Mm ELECTRIC 


MITSUBISHI MICROCOMPUTERS 


SERIES MELPS 740 MASK ROM ORDERING METHOD 





GZZ—SHO00—88A< 72B0> 


* 4, 


5: 


x6. 


ae 


x8. 


Tes 


Port PO pull-up transistor (if built-in is desired write 1, if not write 0) 


PQo PO, PQ. PO, ; PO, POs PO, PO; 


Port P1 pull-up transistor (if built-in is desired write 1, if not write 0) 


Plo Pl, Plz P13 Pi, Pls Pig Pt, 


Port P2 pull-up transistor (if built-in is desired write 1, if not write 0) 


P2p P2, P22, P23; P2, P25 P2,_ P27 


Port P3 pull-up transistor (if built-in is desired write 1, if not write 0) 


P39 P3; P32 P33 P3, P35 P3g P37 


Port P35/Sour output type (if Nch open drain is desired write 1, if CMOS write 0) 


So UT 


CNTR pin pull-up transistor (if built-in is desired write 1, if not write 0) 


CNTR 


|_| 





_ MITSUBISHI a a 6—35 
ELECTRIC | SO 








MITSUBISHI MICROCOMPUTERS 


SERIES MELPS 740 MASK ROM ORDERING METHOD 





GZZ—SH01—11A< 7YA0> 


SERIES MELPS 740 MASK ROM CONFIRMATION FORM 
SINGLE-CHIP MICROCOMPUTER M50940-XXXSP/FP 


MITSUBISHI ELECTRIC. fp [pate 
| | 





Note : Please fill in all items marked. 


Company 
name 






* | Customer 
Date 


issued 


* 1. Confirmation 
Specify the name of the product being ordered and the type of EPROMs submitted. 
Three sets of EPROMs are required for each pattern (Check @ in the appropriate coe 
If at least two of the three sets of EPROMs submitted contain the identical data, we will produce masks based 
in this data. We shall assume the responsibility for errors only if the mask ROM data on the products we pro- — 


duce differ from this data. Thus, the customer must be especially careful in verifying the data contained in the 
EPROMs submitted. 


Microcomputer name : [| M50940-xxxSP [1 M50940-XXXFP 


Checksum code for entire EPROM areas ‘tu. J _ (hexadecimal notation) 
EPROM type 


L] 2732 L] 2764 LI 27128 LJ] 27256 


| TTT on — ages 
[=t} me i pc Eo, 


’ Set “FF,,” in the shaded area. 
Mark specification must be submitted using the correct form for the type package being ordered fill out the appropriate mark 
specification form (64P4B for M50940-XXXSP ; 72P6 for M50940-XXXFP) and attach to the mask ROM confirmation form. 














x 3. Comments 





eae at. 3 MITSUBISHI 
: | A ELECTRIC 


MITSUBISHI MICROCOMPUTERS 


SERIES MELPS 740 MASK ROM ORDERING METHOD 


GZZ—SH01—11A< 7YAO > 


* 4. Port P3 pull-up transistor (if built-in is desired write 1, if not write 0) 


P38 0 P3, P38. 33 P3, P35 P36 P3-, 7 a 


* 5. Port P4 pull- up transistor (if built-in is desired write 1, if not write 0) 


P4y P4, P4. P4g P4, P4g Pde Pd, 


/ 


\ MITSUBISHI | ues 
A ELECTRIC | | | : 








MITSUBISHI MICROCOMPUTERS 


SERIES” MELPS| 740 MASK ROM ORDERING METHOD 





GZZ—SH01—10A< 7YA0> 


SERIES MELPS 740 MASK ROM CONFIRMATION FORM 
SINGLE-CHIP MICROCOMPUTER M50941-XXXSP/FP | 










Date : 


MITSUBISHI ELECTRIC - aa 
; cece mas 


Note : Please fill in all items marked. 


; upervisor 
Company | | officer p 
name 
* | Customer 


Issuance 
signature 


Date 


issued 


x 1. Confirmation 
Specify the name of the product being ordered and the type of EPROMs submitted. 
Three sets of EPROMs are required for each pattern (Check @ in the appropriate box). 
If at least two of the three sets of EPROMs submitted contain the identical data, we will produce masks based 
in this data. We shall assume the responsibility for errors only if the mask ROM data on the products we pro- 
duce differ from this data. Thus, the customer must be especially careful in verifying the data contained in the 
EPROMs submitted. 


Microcomputer name : L] M50941-XXxXSP [] M50941-XXXFP_ 


Checksum code for entire EPROM areas anes (hexadecimal notation) | 
_ EPROM type 


LJ 2764 O 27128 LJ] 27256 LJ] 27512 


o000 rn = | TL _ mn 
| gate] as err |: 


Mark specification must be submitted using the correct form for the type package being ordered fill out the appropriate mark 
specification form (64P4B for M50941-XXXSP ; 72P6 for M50941-XXXFP) and attach to the mask ROM confirmation form. 





















* 


eee 


Set “FF,” in the shaded area. 


x 3. Comments 





ee _ | _ MITSUBISHI 
: ELECTRIC 


MITSUBISHI MICROCOMPUTERS 


"SERIES MELPS 740 MASK ROM ORDERING METHOD 


GZZ—SH01—10A< 7YA0O> 
4. Port-P3 pull-up transistor (if built-in is desired write 1, if not write 0) 


P3p P3, P8, P33 P38, P83, PS P38, 





%5. Port P4 pull-up transistor (if built-in is desired write 1, if not write 0) - 


P4, P4, P4. P43; P4, P4, Pd4g P4, 





>. MITSUBISHI ae 6—39 
ELECTRIC : | ; 











MITSUBISHI MICROCOMPUTERS 


SERIES. MELPS 740 mann ROM ORDERING METHOD 





GZZ—SH01—12A< 7YA0 > 


SERIES MELPS 740 MASK ROM CONFIRMATION FORM 
SINGLE-CHIP MICROCOMPUTER M50943-XXXSP/FP eros 


MITSUBISHI ELECTRIC , 


Note : Please fill in all items markedX. 


; UuPervisor |. 
Company >: . ipeepenelble 


name > 

> | Customer . 
Date : = ; 
issued : 


* 1. Confirmation 
Specify the name of the product being ordered and the type of EPROMs submitted: 
_ Three sets of EPROMs are required for each pattern (Check @ in the appropriate box). 
If at least two of the three sets of EPROMs submitted contain the identical data, we will produce masks based 
in this data. We shall assume the responsibility for errors only if the mask ROM data on the products we pro- 
duce differ from this data. Thus, the customer must be especially careful in verifying the data contained in the 
EPROMs submitted. 












Issuance 
Signature 


Microcomputer name : L] M50943-XXXSP  L] M50943-XXXFP 


Checksum code for entire EPROM areas Pt ft ft (hexadecimal notation) 
EPROM type | 


[| 2764 LL] 27128 [] 27256 LJ 27512 


Ee “1 as ,. | me | 


Set “FF,” in the shaded area. 
Mark specification must be submitted using the correct form for the type package being ordered fill out the apuronrate mark 
specification form (64P4B for M50943-XXXSP ; 60P6 for M50943-XXXFP) and attach to the mask ROM confirmation form. 





















* 3. Comments 





ae MITSUBISHI 
| |  gWELECTRIC 


MITSUBISHI MICROCOMPUTERS 


SERIES MELPS 740 MASK ROM ORDERING METHOD 


GZZ—SH01—12A< 7YA0> 
3% 4. Port PO pull-up transistor (if built-in is desired write 1, if not write 0) 


PO, PO, PO. POs PO, P0, POs PO, 


* 5. Port P1 pulls up transistor (if built-in is desired write 1, if not write 0) 


“Plo Pt; Plo Plg Plq Pls Pig Plz 


Pt EP 


%* 6. Port P2 pull-up transistor (if built-in is desired write 1, if not write 0) 


P25 P2, P22. P23 P2, P25 P26 P27 


X 7. Port P3 pull-up transistor (if built-in is desired write 1, if not write 0) 


P35 P3;, P38. P83 P3, P85 P38. P37 


8. Port P4 pull- up transistor (if built-in is desired write 1, if not write 0) 


P4p P4, P4, Pg 


LTE 


9. Port PWM pull-up transistor (if built-in is desired write 1, if not write 0) 


PWM 


- 


10. Port CNTR pull-up transistor (if built-in is desired write 1, if not write 0) . 


QO 


NTR 


<= 


11. Port P35 (Sour) output type (if Nch open drain is desired write 1, if CMOS write 0) 


~~ Sour 


¥ 





~ MITSUBISHI | | 6—4] 
. ELECTRIC | 





MITSUBISHI MICROCOMPUTERS 


‘SERIES MELPS 740 MASK ROM ORDERING METHOD 





GZZ—SH01—18A< 7YA0> 


SERIES MELPS 740 MASK ROM CONFIRMATION FORM 


SINGLE-CHIP MICROCOMPUTER M50944-XXXSP/FP 
a 


MITSUBISHI ELECTRIC 


Note : Please fill in all items marked. 


| | officer 
. ; upervisor 
Company SHES P ! 


name | 
* | Customer 
Date ; 
issued 


'% 1. Confirmation 
Specify the name of the product being ordered and the type of EPROMs submitted. 
Three sets of EPROMs are required for each pattern (Check @ in the appropriate box). 
If at least two of the three sets of EPROMs submitted contain the identical data, we will produce masks based 
in this data. We shall assume the responsibility for errors only if the mask ROM data on the products we pro- | 
duce differ from this data. Thus, the customer must be especially careful in verifying the data contained in the 
EPROMs submitted. : , . 












Issuance 
signature 


J 


Microcomputer name : [1 M50944-XXxXSP  [] M50944-xXXFP 


Checksum code for entire EPROM areas | fd (hexadecimal notation) 
EPROM type | 


| 1 27128 [1 27256 1 27512 


Te. 


7FFF a 





Set “FF4_” in the shaded area. 
* 2. Mark specification 
Mark specification must be submitted using the correct form for the type package being ordered fill out the appropriate mark 


specification form (64P4B for M50944-XXXSP ; 64P6S for M50944-XXXFP) and attach to the mask ROM confirmation form. 


* 3. Comments 





a ae 7 | _ MITSUBISHI 
| ELECTRIC 


\ MITSUBISHI MICROCOMPUTERS 


SERIES MELPS 740 MASK ROM ORDERING METHOD 


GZZ—SH01—18A< 7YAQ > 
4. Port PO pull-up transistor (if built-in is desired write 1, if not write 0) 


PO) .P0; PO. POs; PO, POs POs PO, 


5. Port P1 pull-up transistor (if built-in is desired write 1, if not write 0) 


Plo Pt, Plo P13 Ply Pts Pig Pz 


6. Port P2 pull-up transistor (if built-in is desired write 1, if not write 0) 


U 


P2, P2, P2, P25 P2, P25 P2_ P2, 


Xx 7. Port P3 pull-up transistor (if built-in is desired write 1, if not write 0) 


P8o P38, P32. P83. P38, P35 P38. P3, 


Xx 8. Port P4 pull-up transistor (if built-in is desired write 1, if not write 0) 


P3, P3, P83, P33 P3, P38. P3, P3, 


2X9. Clock source option at reset (if Xciw write 1, if Xi write 0) 


CLK - 


a 


10. STP instruction option (if enable is desired write 1, if not write 0) 


STP 


a 





MITSUBISHI | ee 
ELECTRIC | | 








MITSUBISHI MICROCOMPUTERS 


SERIES MELPS 740 MASK ROM ORDERING METHOD 





-GZZ—SHO00— _73A<61B0> 


SERIES MELPS 740 MASK ROM CONFIRMATION FORM | [Mask ROM number] | 


_ SINGLE- CHIP MICROCOMPUTER M50950-XXXSP aa 


MITSUBISHI ELECTRIC 7 


Note : Please fill in all items marked. 


Responsible 
officer 








Supervisor 
Company | 
name 


*x | Customer 





Issuance 
signature 


Date 





issued | 


Coa Confirmation 
Specify the name of the product being ordered and the type of EPROMs submitted. 
Three sets of EPROMs are required for each pattern (Check @ in the appropriate box). 
If at least two of the three sets of EPROMs submitted contain the identical data, we will produce masks based 
in this data. We shall assume the responsibility for errors only if the mask ROM data on the products we pro- - 
duce differ from this data. Thus, the customer must be especially careful in verifying the data contained in the 
EPROMs submitted. 


Checksum code for entire EPROM areas Pt i i (hexadecimal notation) 


1 27128 : [] 27256 [1 27512 


EPROM type 





(ag som wo Ih — 
TERR FFFF 





Set tP Ea in the shaded area. 
2. Mark specification 
Mark specification must be submitted using the correct form for the type package being ordered fill out the appropriate mark 


specification form (52P4B for ModzoUs XXXSP) and attach to the mask ROM order confirmation form. 


* 3. Comments 


ae | @ MITSUBISHI 
i a nn ELECTRIC 


MITSUBISHI MICROCOMPUTERS 


SERIES MELPS 740 MASK ROM ORDERING METHOD 





GZZ—SH00—74A< 61B0> 


SERIES MELPS 740 MASK ROM CONFIRMATION FORM. [Mask ROM number| 


_ SINGLE-CHIP MICROCOMPUTER M50951-XXXSP eae 
Date 


MITSUBISHI ELECTRIC 


Note : Please fill in all items marked 


| eee 
: upervisor 
Company 5 esboneele p 


name ; 
*% | Customer | : 
Date | 
issued : 


* 1. Confirmation 
Specify the name of the product being ordered and the type of EPROMs submitted. 
Three sets of EPROMs are required for each pattern (Check @ in the appropriate box). 
If at least two of the three sets of EPROMs submitted contain the identical data, we will produce masks based 
in this data. We shall assume the responsibility for errors only if the mask:-ROM data on the products we pro- 
duce differ from this data. Thus, the customer must be especially careful in verifying the data contained in the 
EPROMs submitted. 


Checksum code for entire EPROM areas rf tf (hexadecimal notation) 


/. 











Issuance 
signature 


EPROM type 


mes | WM is 


3000 > 
3EFF— Bete a 








Set “FFig” in the shaded area. 
* 2. Mark specification 
Mark specification must be submitted using the correct form for the type package being ordered fill out the appropriate mark 


specification form (52P4B for M50951-XXXSP) and attach to the mask ROM confirmation fon 


* 3. Comments 





MITSUBISHI | | 6—46 
ELECTRIC 3 


MITSUBISHI MICROCOMPUTERS 


SERIES MELPS 740 MASK ROM ORDERING METHOD 





GZZ—SH01—13A< 7YA0> 


SERIES MELPS 740 MASK ROM CONFIRMATION FORM | [Mask ROM number | 


SINGLE-CHIP MICROCOMPUTER MS50954-XXXSP/FP/GP | 
—- MITSUBISHI ELECTRIC | = 


Section head} Supervisor 
signature signature 








Note : Please fill in all items marked. 


| piieer 
upervisor 
Company officer 






Issuance 
signature 


name — : 
x | Customer 
Date : 
| issued | 


% 1. Confirmation 
Specify the name of the product being ordered and the type of ERPROMs submitted. 
Three sets of EPROMs are required for each pattern (Check @ in the appropriate box). 
If at least two of the three sets of EPROMs submitted contain the identical data, we will produce masks based 
in this data. We shall assume the responsibility for errors.only if the mask ROM data on the products we pro- 
duce differ from this data. Thus, the customer must be especially careful in verifying the data contained in the 
EPROMs submitted. 


Microcomputer name :‘ [] M50954-XxXXSP [LJ] M50954-XXXFP | 
[] M50954-XXXGP 


Checksum code for entire EPROM areas rf ff | (hexadecimal notation) 
EPROM type _ M | 


[ome | ome | ume | 
7 PETIT To. | LUTE TT 


7FFF tees 















Set “FF,,” in the shaded area. 


%* 2. Mark specification. 
Mark specification must be submitted using the correct form for the type package being ordered fill out Ale suareanate mark 
specification form (64P4B for M50954-XXXSP ; 72P6 for M50954-XXXFP ; 64P6W for M50954-XXXGP) and attach to the mask 
ROM confirmation form. 


* 3. Comments 


* 4. ¢ output halt option (if output halt is desired write 1, if not write 0.) 
PHIO 


[| 





| a ELECTRIC | 


MITSUBISHI MICROCOMPUTERS 


‘SERIES MELPS 740 MASK ROM ORDERING METHOD 


GZZ—SH01—14A< 7YAO> 


SERIES MELPS 740 MASK ROM CONFIRMATION FORM 


SINGLE-CHIP MICROCOMPUTER M50955-XXXSP/FP/GP ao : 


MITSUBISHI ELECTRIC 7 


Note : Please fill in all items marked. 


officer 
: .oupervisor 
Company officer p 


name | i 
* | Customer 
Date : : % 
issued ° eg 


* 1. Confirmation 
Specify the name of the product being ordered and the type of. EPROMs submitted. 
Three sets of EPROMs are required for each pattern (Check @ in the appropriate box). 
If at least two of the three sets of EPROMs submitted contain the identical data, we will produce masks based 
in this data. We shall assume the responsibility for errors only if the mask ROM data on the products we pro- 
duce differ from this data. Thus, the customer must be especially careful in verifying the data contained in the 
EPROMs submitted. 


Microcomputer name - L] M50955-XXXSP L] M50955-XXXFP 
L] M50955-XXXGP 


Checksum code for entire EPROM areas P| | {| (hexadecimal notation) 
EPROM type 


WLLL! ie Hw, sas 


TEER FEFF 











Receipt 


Issuance 
signature 


















Set “FF,,” in the shaded area. 


*X 2. Mark specification - 
Mark specification must be submitted using the correct form for the type package being ordered fill out the appropriate mark 
specification form (64P4B for M50955-XXXSP ; 72P6 for M50955-XXXFP ; 64P6W for M50955-XXXGP) and attach to the mask 
ROM confirmation form. 


* 3 7 Comments 


#4. o output h halt option (if output halt is desired write 1, if not write 0. ) 
PHIO | 


[| 





MITSUBISHI _ oare 
ELECTRIC | 








MITSUBISHI MICROCOMPUTERS 


SERIES MELPS 740 MASK ROM ORDERING METHOD 





GZZ—SH01—15A< 7YAO > 


SERIES MELPS 740 MASK ROM CONFIRMATION FORM Cet al 


SINGLE-CHIP MICROCOMPUTER M50957-XXXSP/FP 
MITSUBISHI ELECTRIC 


Section head| Supervisor 
signature signature 





Note : Please fill in all items marked. 


3 . officer 
: upervisor 
Company ts EnNES! 






name 
-X | Customer 


Issuance 
signature 


* 1. Confirmation 
Specify the name of the sistlael being ordered and the type of EPROMs submitted. 


Three sets of EPROMs are required for each pattern (Check @ in the appropriate box). 


If at least two of the three sets of EPROMs submitted contain the identical data, we will produce masks based 
in this data. We shall assume the responsibility for errors only if the mask ROM data on the products we pro- 
duce differ from this data. Thus, the customer must be eebectaly careful in verifying the data contained in the 
EPROMs submitted. , 


Microcomputer name : LJ M50957-XXXSP =] .M50957-XXXFP 


Checksum code for entire EPROM areas rt [| [| (hexadecimal notation) 
EPROM type | | | 


ome | 
(sce e sree! 


LL 














Set “FF,,” in the shaded area. 


* 2. Mark specification . 
Mark specification must be submitted using the correct form for the type package being ordered fill out the appropriate mark 
specification form (64P4B for M50957-XXXSP ; 72P6 for M50957-XXXFP) and attach to the mask ROM confirmation form. - 


* 3. Comments 


*K4. ¢ output halt option (if output halt is desired write 1, if not write 0.) 
: PHIO 


hod 





ar | MITSUBISHI 
ELECTRIC 


MITSUBISHI MICROCOMPUTERS 


SERIES MELPS 740 MASK ROM ORDERING METHOD 





GZZ—SH01—19A< 7YAO > 


SERIES MELPS 740 MASK ROM CONFIRMATION FORM [Mask ROM number | 


SINGLE-CHIP MICROCOMPUTER M50959-XXXSP/FP 


MITSUBISHI ELECTRIC | 
seas =| ae 








Note : Please fill in all items marked 


Responsible : 






Company 


name * 
* | Customer 
Date 
; issued 


_ 9 1. Confirmation 
Specify the name of the product being ordered and the type of EPROMs submitted. 
Three sets of EPROMs are required for each pattern (Check @ in the appropriate box). 
lf at least two of the three sets of EPROMs submitted contain the identical data, we will produce masks based 
in this data. We shall assume the responsibility for errors only if the mask ROM data-on the products we pro- 
duce differ from this data. Thus, the customer must be especially careful in verifying the data contained in the 
EPROMs submitted. | | 


Issuance 
signature 


Microcomputer name - [1 M50959-xxxSsP [J M50959-XXXFP 


Checksum code for entire EPROM areas | | | [| (hexadecimal notation) 


EPROM type 


C 27128 Cl 27256 [27512 
TTT | 








Set “FF,,” in the shaded area. 
* 2. Mark specification 
Mark specification must be submitted using the correct form for the type package being ordered fill out the appropriate mark 
specification form (64P4B for M50959-XXXSP ; 72P6 for M50959-XXXFP) and attach to the mask ROM confirmation form. 


* 3. Comments 


x4. ¢ output halt option (if output halt is desired write 1, if not write 0.) 
| PHIO 


[| 





MITSUBISHI | gag 
ELECTRIC | 





MITSUBISHI MICROCOMPUTERS 


SERIES ‘MELPS 740 MASK ROM ORDERING METHOD 





GZZ—SH00—85A< 71B0 > 


SERIES MELPS 740 MASK ROM CONFIRMATION FORM 
SINGLE-CHIP MICROCOMPUTER M50963-XXXSP/FP ss ;- — : : 
| MITSUBISHI ELECTRIC | 


Date : 


Section head] Supervisor 
signature signature 





Note : Please fill in all items marked. 


Responsible 


officer Supervisor 


Company 
name 






* | Customer 


Issuance 
signature 


Date 


issued 


* 1. Confirmation 
Specify the name of the product being ordered and the type of EPROMs submitted. 
Three sets of EPROMs are required for each pattern (Check @ in the appropriate box). 
If at least two of the three sets of EPROMs submitted contain the identical data, we will produce masks based 
in this data. We shall assume the responsibility for errors only if the mask ROM data on the products we pro- 
duce. differ from this data. Thus, the customer must be especially careful in verifying the data contained in the 
EPROMs submitted. 


Microcomputer name : [] ms0963-XxxSP [© MS50963-XXXFP 


Checksum code for entire EPROM areas aaa 7 43 (hexadecimal notation) 


EPROM type | 


L] 27128 | LJ] 27256 LJ] 27512. 


Tey. | CL 


7FFF. ue 











Set “FF,,” in the shaded area. 
* 2. Mark specification 
Mark specification must be submitted using the correct form for the type package wena ordered fill out the appropriate mark 
specification form (64P4B for M50963-XXXSP ; 72P6 for M50963-XXXFP) and attach to the mask ROM confirmation form. 


x 3. Comments 


* 4. STP instruction option (if enable is desired write 1, if not write 0.) 
STP 


bes 





ce | | _ MITSUBISHI 
| | ELECTRIC 


MITSUBISHI MICROCOMPUTERS 


SERIES MELPS 740 MASK ROM ORDERING METHOD 





GZZ—SHO1 —83A< 6ZB0 > 


SERIES MELPS 740 MASK ROM CONFIRMATION FORM 


SINGLE-CHIP MICROCOMPUTER M50964-XXXSP/FP 


MITSUBISHI ELECTRIC : 


Note : Please fill in all items marked. 


upervisor 
Company officer P 


name. 
* | Customer 
| ~ Date : oA 
, issued : 


* 1. Confirmation 
- Specify the name of the product being ordered and the type of EPROMs submitted. 
Three sets of EPROMs are required for each pattern (Check @ in the appropriate box). 
If at least two of the three sets of EPROMs submitted contain the identical data, we will produce masks based 
in this data. We shall assume the responsibility for errors only if the mask ROM data on the products we pro- 
duce differ from this data. Thus, the customer must be especially careful in venyinG the data contained in the 
EPROMs submitted. 












Issuance 
signature 


Microcomputer name - L] M50964-XxXXSP L] M50964-XXXFP 


Checksum code for entire EPROM areas ptt (hexadecimal notation) 
EPROM type | 


L] 2764 L] 27128 [] 27256 LJ BON: 


a 


| datas 





Set “FF,,” in the shaded area. 
* 2. Mark specification 
Mark specification must be submitted using the correct form for the type package being ordered fill out the appropriate mark 
specification form (64P4B for M50964-XXXSP ; 72P6 for M50964-XXXFP) and attach to the mask ROM confirmation form. 


*% 3. Comments 


4. STP instruction option (if enable is desired write 1, if not write 0.) 
STP 


|_| 





MITSUBISHI - | 6—51 
ELECTRIC yee 








MITSUBISHI MICROCOMPUTERS 


SERIES MELPS 740 MASK ROM ORDERING METHOD 





SERIES MELPS 740 MASK ROM CONFIRMATION FORM 
SINGLE-CHIP MICROCOMPUTER M37410M3-XXXFP_ 
| | _ MITSUBISHI ELECTRIC 






Date : 


Section head! Supervisor 
signature signature .- 


, i: . 
5 ‘ 


Note : Please fill in all items markedX. 


Responsible d 


Company | | 
: name | 
x | Customer 
| . Date : 
: issued | . . : 


* 1. Confirmation | | 
Specify the name of the product being ordered and the type of. EPROMs submitted. 
Three sets of EPROMs are required for each pattern (Check @ in the appropriate box). | | 
If at least two of the three sets of EPROMs submitted contain the identical data, we will produce masks based 
in this data. We shall assume the responsibility for errors only if the mask ROM data on the products we pro- 
duce differ from this data. Thus, the customer must be especially careful in verifying the data contained in the 
EPROMs submitted. | | 


Checksum code for entire EPROM areas rf tt | (hexadecimal notation) 


i 






Issuance 
signature 


EPROM type 


| L] 27128 | LI 27256 — [] 27512 



























































































adress ooo0 (Por PO pup] |, 249"°55 gggq address ao99 [Port PO pull-up 

0001 P - 0001 Port PT pull-up 
0002 0002 0002| Port P2 pull-up 
0003 Port P3 pull-up 0003 Port P3 pull-up 

- 0004 | Port P4 pull-up Port P4 pull-up 0004 Port P4 pull-up 
0005 Port P5 pull-up Port P5 pull-up F 0005 Port P5 pull-up - 
0006 0006 | Port P2 key on wake-up 0006 
0007 0007 0007 

mi eee Onn O zon SAS RRR RM oa GUSeRenGds 

ROM(6K) ROM(6K) 
SFFF 7FFF FFFF 


‘ 


Set “FF 1,” in the shaded area. 


%* 2. Mark specification | : ; 
Mark specification must be submitted using the correct form for the type package being ordered fill out the appropriate mark 
specification form (80P6S for M37410M3-XXXFP) and attach to the mask ROM order confirmation form. 


x3. Comments 





6—52 a | . ‘ MITSUBISHI 
| | ELECTRIC 


MITSUBISHI MICROCOMPUTERS 


SERIES MELPS 740 MASK ROM ORDERING METHOD 





Please write the option data also at the specified address in the EPROM 








1. Port PO pull-up transistor (if built-in is desired write 1, if not write 0) 
PO, POs POs PO, P03 PO: PO, PO, 
address 00001. 
2. Port P1 pull-up transistor (if built-in is desired write 1, if not write 0) 
Pl, Pig Pls Plq Pilg Plo Py Plo | 
address 000116. 
3. Port P2 pull-up transistor (if built-in is desired write 1, if not write 0) 
P2, P2, P22, P2, P23 P2, P2; P2% 
wwe ( | | | |] 11 
x 4. Port PS pull-up transistor iu built-in is desired write 1, if not write 0) 
P37 P36 P35 P38, P83 P38. P33, P23 
weewoo[ | | | |] 11. 
5. Port P4 pull-up transistor (if built-in is desired write 1, if not write 0) 
P4, P4, P4, Pd, 
woewomre[e[o[o[ [| | | 
6. Port P5 pull-up transistor (if built-in is desired write 1, if not write 0) 
P5, P5— P55 P5, P53 P52. P5, P5o 
address 00051, 
* 7. Port P2 key on wake- -up (if built-in is desired write 1, if not write 0) 
KW, KWe KWs KW; KW3 KW> KW, KWo 
address 00061. 
MITSUBISHI G55 


ELECTRIC 





MITSUBISHI MICROCOMPUTERS 


SERIES MELPS 740 MASK ROM. ORDERING MEInOR 





SERIES MELPS 740 MASK ROM CONFIRMATION FORM [Mask ROM number | 


_ SINGLE-CHIP MICROCOMPUTER M37410M4-XXXFP a : 


MITSUBISHI ELECTRIC | : 





Note : Please fill in all items markedX. 


i upervisor 
Company . [Besboneible) p 






Issuance 
signature 





name : | | | 
* | Customer 
| Date : "a 3 
issued , . 


* 1. Confirmation 
Specify the name of the product being ordered and the type of EPROMs submitted. 
Three sets of EPROMs are required for each pattern (Check @ in the appropriate box). 
lf at least two of the three sets of EPROMs submitted contain the identical data, we will produce masks based 
in this data. We shall assume the responsibility for errors only if the mask ROM data on the products we pro- 
duce differ from this data. Thus, the customer must be especially careful in veriying the data contained in the 
EPROMs submitted. 


Checksum code for entire EPROM areas Rob fd | (hexadecimal notation) 


EPROM type 


[J 27128 . [J 27256 [J 27512 © 


address address , address 


Port PO puil-up 0000 Port PO pull-up : 
Port P1 pull-up 0001 Port pull-up Port P17 pull-up 


Port P2 pull- Up 0002 Port P2 pull-up Port P2 pull-up 


0003 |__. Port P3 pull-up Port P3 pull-up 
0004 ron P4 pull-up Port P4 pull-up 
0005 Port P5 pull-up 
0006 Por P2 key on wake-up 0006 | Port P2 key on wake-up 


on LL 

ver LRM) — | ans | 
ROM(8K ROM(8K) 

7FFF FFFF 








Set “FF,,” in the shaded area. 


* 2. Mark specification | 
Mark specification must be submitted using the correct form for the type package being ordered fill out the appropriate mark 
specification form (80P6S for M37410M4-XXXFP) and attach to the mask ROM order confirmation form. 


/ 


* 3. Comments 





Baie 4 : @ MITSUBISHI 
| | ,ELECTRIC | 


MITSUBISHI MICROCOMPUTERS 


SERIES MELPS 740 MASK ROM ORDERING METHOD 


Please write the option data also at the specified address in the EPROM 


Pe ie 


K 2. 


3. 


«4, 


Dis 


x6. 


OS a 


Port PO pull-up transistor (if built-in is desired write 1, if not write 0) 
PO; POs P0s PO, P03; PO. PO; PO, 


address 0000;, 


Port P1 pull-up transistor (if built-in is desired write 1, if not write 0) 
Plz Pig Pls Pty Pig Plo Pty Po 


address 00014. 


Port P2 pull-up transistor (if built-in is desired write 1, if not write 0) 
P2; P2, P25; P2, P23, P2. P2; P2% 


address 0002;, 


Port P3 pull-up transistor (if built-in is desired write 1, if not write 0) 
P3, PS. P85 P3, P3s P38. P3, PS, 


address 0003;, 


Port P4 pull-up transistor (if built-in is desired write 1, if not write 0) 


P4, P42 °P4, Pd 


ween [fof] | | | 


Port P5 pull-up transistor (i built-in is desired write 1, if not write 0) 
P5; P5s P55 P5, P5g P5, P5, PS, 


address 00054. 


Port P2 key on wake-up (if built-in is desired write 1, if not write 0) 
KW, KWe KWs KW, KW3 KW2 KW, KWo 


address 0006;, 





_ MITSUBISHI 
ELECTRIC . 


MITSUBISHI MICROCOMPUTERS 


SERIES MELPS 740 MASK = ORDERING METHOD 





SERIES MELPS 740 MASK ROM CONFIRMATION FORM [Mask ROM number] 


SINGLE-CHIP MICROCOMPUTER M37415M4-XXXFP 


MITSUBISHI ELECTRIC [Bates 





Note : Please fill in all items marked. 


upervisor 
Company | : | | | officer 






name 
x | Customer 


Issuance 
signature 


Date 


issued 


1. Confirmation 

Specify the name of the product Sit ordered and the type of EPROMs submitted. 

Three sets of EPROMs are required for each pattern (Check @ in the appropriate box). 

lf at least-two of the three sets of EPROMs submitted contain the identical data, we will produce masks based 
in this data. We shall assume the responsibility for errors only if the mask ROM data on the products we pro- 
duce differ from this data. Thus, the customer must be especially careful in verifying the data contained in the 
EPROMs submitted. 


Checksum code for entire EPROM areas Bune (hexadecimal notation) 
EPROM type 


[] 27128 | ~£) 27256 [J 27512 


address. Port PO pull-up 
Port P1 pull-up 















address 


0000 ’ address 


0000 
0001 

























Port PO pull-up _ 


Port P71 pull-up 


Port PO pull-up 
Port P1 pull-up 





















0002 (Port P2 pull-up 
Port P3 pull-up Port P3 pull-up 0003 Port P3 pull-up 
P35 output type P35 output type 0004 P35 output type 
CNTR pull-up CNTR pull-up CNTR pull-up - 

Port P2 key on wake up Port P2 key on wake up 








Set “FF,” in the shaded area. 


* 2. Mark specification 
Mark specification. must be submitted using the correct form for the type package béiig ordered fill out the appropriate mark 
specification form (80P6 for M37415M4-XXXFP) and attach to the mask ROM order confirmation form. | 


* 3. Comments 





as ss | MITSUBISHI 
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MITSUBISHI MICROCOMPUTERS 


SERIES MELPS 740 MASK ROM ORDERING METHOD 





Please write the option data also at the specified address in the EPROM 
1. Port PO pull-up transistor (if built-in is-desired write 1, if not write 0) 


PO, POs POs PO, P03 PO. PO; PO, 


wwaome[ | | | | 1 ll 


2. Port P1 pull-up transistor (if built-in is desired write 1, if not write 0) 
Pip Plo Pls Pl, Pig Plo Pl, Plo 


address 00014. 


3. Port P2 pull-up transistor (if built-in is desired write 1, if not write 0) 


P2, P2, P2, P2, P23 P2. P2, P2 


wen | | 11111 


* 4. Port P3 pull-up transistor (if built-in is desired write 1, if not write 0) 
P3, P35 P35 P38, P33 P38, P3, Po 


address 000384. 


x5. Port P35 output type (if Nch open drain is desired write 1, if CMOS write 0) 


P35 


vemos [o]ele[e[ol lo] 


*% 6. CNTR pin pull-up transistor (if built-in is desired write 1, if not write 0) 


CNTR 


wemons [ele] [ol o]e le] 
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MITSUBISHI MICROCOMPUTERS 


SERIES MELPS. 740 MASK ROM ORDERING METHOD 





GZZ—SH00—95A< 75B0 > 


SERIES MELPS 740 MASK ROM CONFIRMATION FORM [Mask ROM number | 


SINGLE-CHIP MICROCOMPUTER M37450M2-XXXSP/FP 
| Cae 


MITSUBISHI ELECTRIC 


Note : Please fill in all items marked. 


f upervisor 
Company officer p 


| name ; : } 

* | Customer | | | 
Date . | 
issued , | 


* 1. Confirmation 
Specify the name of the product being ordered and the. Boek of EPROMs submitted. 
Three sets of EPROMs are required for each pattern (Check @ in the appropriate box). | 
If at least two of the three sets of EPROMs submitted contain the identical data, we will produce masks based 
in this data. We shall assume the responsibility for errors only if the mask ROM data on the products we pro- 
duce differ from this data. Thus, the customer must be especially careful in voning } the data contained in the 
EPROMs submitted. 








Receipt 


Issuance 
signature 





Microcomputer name:  L] M37450M2-XXXSP L] M37450M2-XXXFP 


Checksum code for entire EPROM areas | | ft ff (hexadecimal notation) 
EPROM type | 
| [] 2764 [] 27128 [27256 
WEGREERE Al ih = 
i 


4K 
3FFF A 






Set “FF,,” in the shaded area. 


* 2. Mark specification 3 
Mark specification must be submitted using the correct form for the type package being ordered fill out the appropriate mark 
specification form (64P4B for M37450M2-XXXSP ; 80P6 for M37450M2-XXXFP) and attach to the mask ROM confirmation form. » 


* 3. Comments 
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MITSUBISHI MICROCOMPUTERS 


SERIES MELPS 740 MASK ROM ORDERING METHOD 





GZZ—SHO0—99A< 75B0 > 


SERIES MELPS 740 MASK ROM CONFIRMATION FORM 


SINGLE-CHIP MICROCOMPUTER M37450M4-XXXSP/FP 
Date: 


MITSUBISHI ELECTRIC : 7 


si 


Note : Please fill in all items marked. 


upervisor 
Company officer P 


. name | . 
% | Customer 
Date: 
issued 


* 1. Confirmation 
Specify the name of the product being ordered and the type of EPROMs submitted. ' 
Three sets of EPROMs are required for each pattern (Check @ in the appropriate box). 
If at least two of the three sets of EPROMs submitted contain the identical data, we will produce masks based 
in this data. We shall assume the responsibility for errors only if the mask ROM data on the products we pro- 
duce differ from this data. Thus, the customer must be especially careful in verifying the data contained in the - 
EPROMs submitted. | 










Receipt 







Issuance 
signature 





Microcomputer name : L} M37450M4-XxXxSP = []) M37450M4-XXXFP 


Checksum code for entire EPROM areas to] [i ~ (hexadecimal notation) 


L] 27128 


TT... 


EPROM type 











8K 
3FFF — 








Set “FFig” in the shaded area. 
* 2. Mark specification 
Mark specification must be submitted using the correct form for.the type package being ordered fill out the appropriate mark 


specification form (64P4B for M37450M4-XXXSP ; 80P6 for M37450M4-XXXFP) and attach to the mask ROM confirmation form. 


x 3. Commenis 


_ MITSUBISHI 6-59 
ELECTRIC _ .™ = : 








MITSUBISHI MICROCOMPUTERS 


SERIES MELPS 740 MASK ROM ORDERING METHOD 





GZZ—SH01—00A< 76B0> 


SERIES MELPS 740 MASK ROM CONFIRMATION FORM [Mask ROM number | | 


SINGLE-CHIP MICROCOMPUTER M37450M8-XXXSP/FP | — 
| a a ae 


MITSUBISHI ELECTRIC | 





Note : Please fill in all items marked. 


| | | | ice 
| upervisor 
Company officer 






Issuance 
signature 


name 
* | Customer 
Date : , 
issued : | 


K1. Confirmation 
Specify the name of the product being arasied and the type of EPROMs submitted. 
Three sets of EPROMs are required for each pattern (Check @ in the appropriate box). 
If at least two of the three sets of EPROMs submitted contain the identical data, we will produce masks based 
in this data. We shall assume the responsibility for errors only if the mask ROM data on the products we pro- 
duce differ from this data. Thus, the customer must be especially careful in verifying the data contained in the 
EPROMs submitted. | 


-Microcomputer name . L] M37450M8- XXXSP M37450M8- es 


Checksum code for entire EPROM areas -ro (hexadecimal notation) 
EPROM type 


cane | 27256 


4000 ae 
7FEF~ 


| 





Set “FF,,” in the shaded area. 
* 2. Mark specification — ; . : 
Mark specification must be submitted using the correct form for the type sackaue being ordered fill out the appropriate mark 


specification form (64P4B for M37450M8-XXXSP ; 80P6 for M37450M8-XXXFP) and attach to the mask ROM confirmation form. 


3&3. Comments 
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MITSUBISHI MICROCOMPUTERS 


SERIES MELPS ” 48 and MELPS 8-41 MASK ROM 


ORDERING METHOD 





SERIES MELPS 8-48 AND MELPS 8-41 
MASK ROM ORDERING METHOD 

Mitsubishi Electric corp. accepts order to transfer EPROM 
supplied program data into the mask ROM in single-chip 8- 
bit microcomputers. 

When placing such order, please submit the information 
described below. 


(1) Mask ROM confirmation formers: rrrrttcrtteerter eens 1 set 
_ (There is a specific form to be used for each model.) 
(2) Data to be written into mask ROM: errr EPROM 

(Please provide three sets containing the identical 
data.) 
(3) Mark specification form-esstte: tbe enna e teen eee eeneeeneenes 1 set 
NOTES 


(1) Acceptable EPROM type 
Any EPROM made by Mitsubishi that is listed in the 
mask ROM confirmation form may be used. | 
(2) EPROM window labeling | 
Please write the model name and the identification 
code (A, B, C) on the label for each-of the three sets 
of data EPROMs provided. 


Example : Label 





Identification 
code for each 
of three sets 


SERIES 


EPROM 
(3 sets) 


M5L8048 
-XXXSP 


Mask ROM 


MITSUBISHI 
ELECTRIC 


(3) Calculation and indication of checksum code 
Please calculate the total number of data in words in 
the EPROM, and write the number in 4-digit hexade- 
cimal form in the checksum code field of the mask | 
ROM order confirmation form. | 

(4) Options 
Refer to the appropriate data book entry and write the 
desired options on the mask ROM order confirmation 
form. | 

(5) Mark specification method 
The permissible mark specifications differ depending 
on the shape of package. Please fill out the mark spe- 
cification form and attach it to the mask ROM confirma- 
tion form. - 


OUTLINE OF ORDER PROCESSING 

Mitsubishi will produce the mask ROM if at least two of the 

three EPROM sets submitted contain identical data. 

lf we find error when the submitted EPROMs are com- 

pared, we will contact your representative. 

Thus, we assume responsibility only when we produce the 

mask ROM that contain data other than the data correctly 

provided by the customer. 

Mitsubishi uses an automatic mask ROM design program to 

generated the following : 

1. Drafting data for mask ROM production; | 

2. ROM code listing or EPROM for mask ROM eduction 
error check work; 

3. Mask ROM test program. 

The chart below shows the flow of mask ROM production. 


Mask ROM 

automatic 
design 
program 


Mask ROM test program 


manutacturing 


manufacturing 
process 








MITSUBISHI MICROCOMPUTERS 


"SERIES MELPS 8-48 and MELPS 8-41 MASK ROM 
ORDERING METHOD. 





GZZ—SH01—21A<7ZA0> 


SERIES MELPS 8-48 and MELPS 8-41 MASK ROM | | 
~ CONFIRMATION FORM 
: 


SINGLE-CHIP 8-BIT MICROCOMPUTER 


M5L8048-XXXP 


M5L8041A-XXXP 
Note : Please fill in all items marked. 


M5L8041AH-XXXP 


MITSUBISHI ELECTRIC 
name . | 
*K | Customer sees 
issued - ; | 


* 1. Confirmation | . 
Specify the name of the product being ordered and the type of EPROMsS submitted. 
Three sets of EPROMs are required for each pattern (Check @ in the appropriate box). 

If at least two of the three sets of EPROMs submitted contain the identical data, we will produce masks based 
in this data. We shall assume the responsibility for errors only if the mask ROM data on the products we pro- 
duce differ from this data. Thus, the customer must be especially careful in verifying the data contained in the 
EPROMs submitted. 













Issuance 
signature 


Microcomputer name: _ | L] M5L8048-XXXP 
; [] M5L8041A-XXXP 
[] M5L8041AH-XXXP 


_ Checksum code for entire EPROM areas Pf ff] (hexadecimal notation) 


[J] 27128 


EPROM type 


[data 


pata (00 oe 
lio | nine 
fies 


SFFF 





Set “FF,,” in the shaded area. 


2. Mark specification — 
Mark specification must be submitted using the correct form for the type panne being ordered fill out the i mark 
specification form (40P4) and attach to the mask ROM confirmation form. 

* 3. Outline of the final products unlbase enter as far as to be allowed) 

* 4. Comments 





a .: | | MITSUBISHI 
| ELECTRIC | 


MITSUBISHI MICROCOMPUTERS 


SERIES MELPS 8-48 and MELPS 8-41 MASK ROM 
ORDERING METHOD 





GZZ—SH01—22A< 7ZA0) 


SERIES MELPS 8-48 and MELPS 8-41 MASK ROM | ikon nentre| 


CONFIRMATION FORM 
_ SINGLE-CHIP 8-BIT MICROCOMPUTER 
___ MSL8042-XXXP Saas al 
M5L8049-XXXP, M5L8049-XXXP-6 o pane 
M5L8049H1-XXXP 
M5M80C49A-XXXP, M5M80C49H-XXXP 
M5MC49A-XXXFP, M5MC49H-XXXFP 
MITSUBISHI ELECTRIC 





Note : Please fill in all items marked. 


Company 
name 






x Customer 


Issuance 
signature 


Date 


issued 


* 1. Confirmation 
Specify the name of the product being ordered and the type of EPROMs submitted. 
Three sets of EPROMs are required for each pattern (Check @ in the appropriate box). 
If at least two of the three sets of EPROMs submitted contain the identical data, we will produce masks based 
in this data. We shall assume the responsibility for errors only if the mask ROM data on the products we pro- 
duce differ from this data. Thus, the customer must be especially careful in verifying the data contained in the 
EPROMs submitted. 


M5L8042-XXXP M5M80C49A-XXXP 


Microcomputer name : CL] 

M5L8049-XXXP L] M5M80C49H-XXXP 
= 
CI 


M5L8049-XXXP-6 MSMC49A-XXXFP 
M5L8049H1-XXXP M5MC49H-XXXFP 


Checksum code for entire EPROM areas P| | fy (hexadecimal notation) 


OOOO 


EPROM type 


~L) 27128 


[data (000° 7 | 000 
ee 7FF. 


[ 3FFF 
2. Mark specification 


Mark specification must be submitted using the correct form for the type package being ordered fill out the appropriate mark 
specification form (42P6 for MSMC49A-XXXFP and M5MC49H-XXXFP, and 40P4 for other type) and attach to the mask ROM 
confirmation form. | | 

*% 3. Outline of the final products (Please enter as far as to be allowed) 

* 4. Comments 


2K 





Set “FFig’ in the shaded area. 





ELECTRIC — : 











MITSUBISHI MICROCOMPUTERS 


SERIES MELPS 8-48 and MELPS 8-41 MASK ROM 
ladies oe 





GZZ—SH01—23A<7ZA0) 


SERIES MELPS 8-48 and MELPS 8-41 MASK ROM | 


CONFIRMATION FORM 
SINGLE- CHIP 8-BIT MICROCOMPUTER 


MEMEO5OHIOKP 


— M5M8050L-XXXP | 
MITSUBISHI ELECTRIC | nw 





Note : Please fill in all items marked. 


sis = 
upervisor 
Company officer 






Issuance 
signature 


name . 
* | Customer 
Date ; p* : 
| issued 7 | | 


*% 1. Confirmation | | | 
Specify the name of the product being ordered and the type of EPROMs submitted. 
Three sets of EPROMs are required for each pattern (Check @ in the appropriate box). 
If at least two of the three sets of EPROMs submitted contain the identical data, we will produce masks based 
in this data. We shall assume the responsibility for errors only if the mask ROM data on the products we pro- 
duce differ from this data. Thus, the customer must be especially careful in verifying the data contained in the 
EPROMs submitted. 


‘Microcomputer name : , L] M5M8050HXXXP 
, [} M5M8050L-XXXP 


Checksum code for entire EPROM areas rt ff] (hexadecimal notation) 


EPROM type 


[] 27128 





Set “FF,” in the shaded area. 


*X 2. Mark specification 
Mark specification must be submitted using the correct form for the type sackage being ordered fill out the appropriate math 
specification form (40P4) and attach to.the mask ROM confirmation form. 
3. Outline of the final products (Please enter as far as to be allowed) 
>¥ 4. Comments 





MITSUBISHI 
ELECTRIC 


MITSUBISHI MICROCOMPUTERS 


MARK SPECIFICATION FORM 





MARK SPECIFICATION FORM 

Mark specification form differs depending on the package 
type. Fill out the mark specification form for the package 
type being ordered, and submit the form with the mask 
ROM confirmation form. 


MITSUBISHI ae 
ELECTRIC © | | 


MITSUBISHI MICROCOMPUTERS 


MARK SPECIFICATION FORM 





40P4 (40-PIN DIP) MARK SPECIFICATION FORM 


1. Standard Mitsubishi mark 
2. Standard mark+Customer’s parts number 
3. Special mark required 


For 2: 








Mitsubishi IC catalog name 


2-a. Mitsubishi logo required 
2-b. Mitsubishi logo not required 


| Note 1 : The mark field should be written to the right. 3 
2: The identification mark can be up to 17 alphanumeric characters (except J, | and O) and 


hyphens. 


For 3 : | 
Note 3 : Ifthe special character fonts (ex. customer's trademark logo) must be used in special mark, a 


clean font original (ideally a logo drawing) must be submitted. 


4. If special mark is to be printed, indicate the desired layout on the package drawing below. 
The layout will be duplicated as closely as technically possible. 
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MITSUBISHI MICROCOMPUTERS 


MARK SPECIFICATION FORM 





For 2 :° 


For 3: 


42P6 (42-PIN QFP) MARK SPECIFICATION FORM 


1. Standard Mitsubishi mark 
2. Standard mark+Customer’s parts number 
3. Special mark required 





2-a. Mitsubishi logo required 
2-b. Mitsubishi logo not required 


Note 1 - The mark field should be written to the right. | 
2: The identification mark can be up to 6 alphanumeric characters (except J, | and O) and 
hyphens. 


Note 3 : If the special character fonts (ex. customer’s trademark logo) must be used in special mark, a 
clean font original (ideally a logo drawing) must be submitted. 


4 : If special mark is to be printed, indicate the desired layout on the package drawing below. 
The layout will be duplicated as closely as technically possible. 








‘MITSUBISHI ee 2: a 
ELECTRIC | | 








MITSUBISHI MICROCOMPUTERS 


MARK SPECIFICATION FORM 





50P6 (50-PIN QFP) MARK SPECIFICATION FORM 


1. Standard Mitsubishi mark | , 
2. Standard mark+Customer’s parts number 
3. Special mark required 


For 2: ' 











a. Mitsubishi logo required 
-b. Mitsubishi logo not required 


Note 1 : The mark field should be written to the right. 
2 : The identification mark can be up to 10 alphanumeric characters (except J, | and O) and 


hyphens. 


For 3: 
Note 3 : If the special character fonts (ex. customer’s trademark logo) must be used in special mark, a 


clean font original (ideally a logo drawing) must be submitted. 
4: If special mark is to be printed, indicate the desired layout on the package drawing below. 
The layout will be duplicated as closely as technically possible. 








oo ae | , MITSUBISHI 
; | 7m ELECTRIC 


MITSUBISHI MICROCOMPUTERS. 


MARK SPECIFICATION FORM | 





For 2: 


For 3: 





52P4B (52-PIN SHRINK DIP) MARK SPECIFICATION FORM 


1. Standard Mitsubishi mark 
2. Standard mark+Customer'’s parts number 


_ 3. Special mark required 





a. Mitsubishi logo required 
-b. Mitsubishi logo not required 


Note 1 : The mark field should be written to the right. | 
2: The identification mark can be up to 18 alphanumeric characters (except J, | and O) and 
hyphens. 


Note 3: Ifthe special character fonts (ex. customer’s trademark logo) must be used in Special mark, a 
clean font original (ideally a logo drawing) must be submitted. 


4 : If special mark is to be printed, indicate the desired layout on the package drawing below. 
The layout will be duplicated as Closely as technically possible. 
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MITSUBISHI MICROCOMPUTERS 


MARK SPECIFICATION FORM 





60P6 (60-PIN QFP) MARK SPECIFICATION FORM 


1. Standard Mitsubishi mark 
2. Standard mark+Customer’s parts number 
3. Special mark required 


For 2°: 





+- Up to 12 characters 
2-a. Mitsubishi logo required 
2-b. Mitsubishi logo not required 
Note 1 : The mark field should be written to the right. . | 
2: The identification mark can be up to 12 alphanumeric characters (except J, | and O) and 
hyphens. 
For 3 : 


Note 3: Ifthe special character fonts (ex. customer's trademark logo) must be used in special mark, a 
clean font original (ideally a logo drawing) must be submitted. 


4 : If special mark is to be printed, indicate the desired layout on. the package drawing below. 
The. layout will be duplicated as closely as technically possible. 
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MITSUBISHI MICROCOMPUTERS 


MARK SPECIFICATION FORM 





64P4B (64-PIN SHRINK DIP) MARK SPECIFICATION FORM 


1. Standard Mitsubishi mark 
2. Standard mark+Customer's parts number 
3. Special mark required 


"For 2: 


Mitsubishi IC catalog name | 





2-a. Mitsubishi logo required 
2-b. Mitsubishi logo not required 


Note 1 : The mark field should “be written to the right. 


2: The identification mark can be up to 19 alphanumeric characters (except J, | and O) and 
hyphens. a. 


For 3: 
Note 3 : If the special character fonts (ex. customer's trademark logo) must be used in special mark, a 
clean font original (ideally a logo drawing) must be submitted. 


4 : If special mark is to be printed, indicate the desired layout on the package drawing below. 
The layout will be duplicated as closely as technically possible. 


@ _ = ® 


pao ae _ 


TOU UU UO UU 
O —_ @) 
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MITSUBISHI MICROCOMPUTERS 


MARK SPECIFICATION FORM 





| 64P6S (64-PIN QFP) MARK SPECIFICATION FORM 


\ 


! . Standard Mitsubishi mark 
2. Standard mark+Customer’s parts number 
3. Special mark required 


For 2: 


Mitsubishi IC catalog name 





2-a. Mitsubishi logo required 
2-b. Mitsubishi logo not required 


Note 1: The mark field should be written to the right. 
2: The identification mark can be up to 10 alphanumeric characters (esur. J, | and O) and 
hyphens. 


For 3 : 
Note 3.: Ifthe special character fonts (ex. customer’s trademark logo) must be used in special mark, a 


clean font original (ideally a logo drawing) must be submitted. 


4 : lf special mark is to be printed, indicate the desired layout on the package drawing below. 
The layout will be duplicated as closely as technically possible. 





6) 2 


Ay 
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MITSUBISHI MICROCOMPUTERS 


MARK SPECIFICATION FORM 





“For 2: 


For 3: 


64P6W (64-PIN QFP) MARK SPECIFICATION FORM 


1. Standard Mitsubishi mark 
2. Standard mark-+Customer’s parts number 
3. Special mark required 


an 


Mitsubishi IC catalog name 





2-a. Mitsubishi logo required 
2-b. Mitsubishi logo not required 


Note 1 : The mark field should be written to the right. 


2: The identification mark can be up to 12 alphanumeric characters (except J, | and O) and 
hyphens. 


Note 3 : If the special character fonts (ex. customer's trademark logo) must be used in special mark, a 
clean font original (ideally a logo drawing) must be submitted. 


4 : If special mark is to be printed, indicate the desired layout on the package ae below. 
: The layout will be duplicated as closely as technically possible. 


a) ® . 
HUH HHH OOOOoOooooD 
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O 
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© 
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MITSUBISHI MICROCOMPUTERS 


MARK SPECIFICATION FORM 








72P6 (72-PIN QFP) MARK SPECIFICATION FORM 


| 1. Standard Mitsubishi mark 
_ 2. Standard mark+Customer’s parts number 


3. Special mark required 














Mitsubishi iC catalog name 
2-a. Mitsubishi logo required 
2-b. Mitsubishi logo not required 
Note 1 : The mark field should be written to the right. 
2: The identification mark can be up to 12 alphanumeric eharaéters (except J, | and O) and 
hyphens. 
For 3 | 
Note 3 : If the special character fonts (ex. customer’s trademark logo) must be used in special mark, a 
a clean font original (ideally a logo drawing) must be submitted. 
4 : If special mark is to be printed, indicate the desired layout on the package drawing below. 
The layout will be duplicated as closely as technically possible. 
er MITSUBISHI 
. ELECTRIC 





For 2: 


For 3: 


MITSUBISHI MICROCOMPUTERS 


MARK SPECIFICATION FORM 


80P6 (80-PIN QFP) MARK SPECIFICATION FORM 


1. Standard Mitsubishi mark 
2. Standard mark+Customer’s parts number 
3. Special mark panied 





a. Mitsubishi logo required 
-b. Mitsubishi logo not required 


Note 1 : The mark field should be written to the right. 
2: The identification mark can be up to 12 alphanumeric characters (except J, | and O) and 


hyphens. 


Note 3 : If the special character fonts (ex. customer's trademark logo) must be used in special mark, a 
clean font original (ideally a logo drawing) must be submitted. 
4 : If special mark is to be printed, indicate the desired layout on the package drawing below. 
The layout will be duplicated as closely as technically possible. 








ELECTRIC | 


MITSUBISHI MICROCOMPUTERS 


MARK SPECIFICATION FORM 


80P6S (80-PIN QFP) MARK SPECIFICATION FORM 


1. Standard Mitsubishi mark , 
2. Standard mark-+Customer’s parts number 
3. Special mark required 


For 2: 





2-a. Mitsubishi logo required 
2-b. Mitsubishi logo not required 


Note 1 : The mark field should be written to the right. 
2: The identification mark can be up to 10 alphanumeric characters (except J, | and O) and 


hyphens. 


For 3 : | 
| Note 3 : If the special character fonts (ex. customer's trademark logo) must be used in special mark, a 
clean font original (ideally a logo drawing) must be submitted. 


4: If special mark is to be printed, indicate the desired layout on the package drawing below. 
The layout will be duplicated as closely as technically possible. : 


= @ 


TT @ 
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CONTACT ADDRESSES FOR FURTHER INFORMATION 





JAPAN 
Semiconductor Marketing Division 
Mitsubishi Electric Corporation 
2-3, Marunouchi 2-chome 
Chiyoda-ku, Tokyo 100, Japan 
Telex: 24532 MELCO J 
Telephone: (03) 218-3473 

(03) 218-3499 
‘Facsimile: (03) 214-5570 


Overseas Marketing Manager 
Kita-ltami Works 

4-1, Mizuhara, Itami-shi, 
Hyogo-ken 664, Japan 

Telex: 526408 KMELCO J 
Telephone: (0727) 82-5131 
Facsimile: (0727) 72-2329 


MITSUBISHI ELECTRIC (H.K.) LTD. 
25 Floor, Leighton Centre, 

77, Leighton Road. Causeway Bay. ~ 
Hong Kong 

Telex: 60800 MELCO HX 
Telephone: (5) 773901-3 

Facsimile: (852) 123-4345 


MELCO SALES SINGAPORE PTE. 
LTD. 

230 Upper Bukit Timah Road #03-01/ 
15 

Hock Soon Industrial Complex 
Singapore 2158 . 

Telex: RS 20845 MELCO 
Telephone: 4695255 

Facsimile: 4695347 


TAIWAN 

MELCO-TAIWAN CO.,Ltd. . 
ist fl., Chung-Ling Bldg., 
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